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This investigation establishes the presence of rotator cuff disease (RCD) within
human skeletal samples from a prehistoric North American context and evaluates the
subsistence based (hunter-gatherer an agricultural) differences of the pathological and
non-pathological osseous reactive change. The skeletal sample as recovered as a part of
an archaeological salvage project from the western Tennessee River Valley prior to the
1944 completion of the Kentucky Lake Dam. The sites consist of three Middle and Late
Archaic (4500-1000 BCE) period hunter-gatherers and one Mississippian (1050-1450
CE) period agriculturalist sample. These sites are now submerged in the Kentucky Late
Reservoir.
The bone elements of the rotator cuff which were examined were the humeral
head, the lateral clavicle, and the acromion process of the scapula. Aspects of RCD
evident on dry bone (enthesopathies, degenerative joint disease) and skeletal and
entheseal robusticity were examined to provide an image of mechanical stress as possible
behavior correlates within the region and between subsistence strategies.

RCD was found to be ubiquitous in both the hunter-gatherer and agriculturalist
samples. Examination between the subsistence strategies indicates that the Mississippian
sample was subject to higher overall mechanical stress. Furthermore, the Mississippian
sample had greater skeletal robusticity than the Archaic sample. Although both
subsistence economies are labor intensive, there is more shoulder stressing behavior
evident in the food-producers.
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CHAPTER I
INTRODUCTION

Over the past several decades reactive changes at muscle insertions
(enthesopathies) and at joints (degenerative joint disease) have been used to estimate
mechanical stresses endured by past peoples (Alves Cardoso and Henderson, 2010, 2013;
Armelagos et al., 1991; Auerbach and Raxter, 2008; Bass, 1987; Blakely, 1995; Boulle,
2001; Boyd, 1996; Boyd and Boyd 1989, 1991; Bridges 1985, 1989; Bridges et al., 2000;
Chamay and Tschantz, 1972; Cook, 1979; Dutour, 1986; Goodman, 199; Hawkey and
Merbs, 1995; Henderson, 2012, 2013a, 2013b; Jurmain, 1999; Jurmain et al., 2012;
Kackia et al., 2011; Kennedy, 1989; Knüsel, 2000; Larsen, 1995, 1997, 2000, 2002;
McClain, 2013; Merbs, 1983; Milella et al., 2012; Miles, 1994, 1996, 1999, 2000;
Molnar, 2006; Molnar et al., 2011; Mummert et al., 201; Myazaka and Pointek, 2011;
Niimimäki 2012; Oygucu et al., 1998; Powell, 1988; Roberts et al, 2007; Rogers, 2000;
Stirland, 1996; Trinkaus, 1975; Villotte et al., 2010; Villotte and Knüsel, 2012; Waldron,
2007, 2012; Weiss 2004, 2007). These markers, consisting of both traumatic and nontraumatic reactive changes to bone surfaces, are a result of continuous postures and
repetitive physical movements. This study proposes a comparative investigation of
various components of Rotator Cuff Disease, and its associated motions in several
samples from the Shell Mound Archaic (~4500-1000 BCE) and Middle Cumberland
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Mississippian (900-1600CE) from the Tennessee River Valley. There is archaeological
consensus concerning fundamental subsistence-settlement differences between the
peoples of t prehistoric western Tennessee (e.g. Lewis and Kneberg, 1947). It is predicted
that differential muscle use between hunting and gathering peoples and agriculturalists
will yield modifications to entheses as well as other signs of musculoskeletal stress
including trauma, degeneration, and the skeletal robusticity. In this study the examination
of the skeletal elements of the rotator cuff (humerus, clavicle, and scapula) will be used
as a proxy for overall mechanical stress in both Archaic and Mississippian contexts.
Archaeological Investigation
Long term in situ cultural development in the prehistoric Tennessee River Valley
suggests population stability within the region as opposed to demographic disruption (e.g.
migration, emigration) (Boyd and Boyd 1989). Therefore, any skeletal morphological
changes are probably less likely to be the result of population replacements, and more
likely to be the consequence of activity-related changes with a shift in subsistence (Boyd
and Boyd 1989). This is the focus of the present study.
The earliest investigation of mound sites in the Tennessee Valleywas carried out
by Cyrus Thomas (1894). Later excavations, starting in 1933, were carried out as part of
a recovery project to prevent the destruction of prehistoric cultural materials by flooding
after the completion of multiple dams within the American Southeast (Lyon, 1996;
Pritchard and Ahlman, 2009; Smith, 2006). The dam projects were part of the Works
Progress Administration (WPA) program instituted by Franklin D. Roosevelt during the
Great Depression ("The New Deal") for flood control and TVA (Tennessee Valley
Authority) to electrify the southeast (Hawley and Dye, 2011; Lyon, 1996; Pritchard and
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Ahlman, 2009). The sites examined in this study from upper west-central Tennessee and
were excavated between 1935 and 1942 preceding the completion of the Kentucky Lake
dam. The four sites utilized generated three hunter-gatherer samples and one
agriculturalist sample. The excavations in the Kentucky Lake reservoir were under the
auspices of the TVA and directed by Thomas Lewis, in association with the University of
Tennessee. Madeline Kneberg was in charge of lab analysis (Lyon, 1996; Pritchard and
Ahlman, 2009). The remains of all of the sites utilized in this study are currently
Prior osteological investigations in the region include general demographic data
(Lewis and Kneberg; 1961), violent trauma (Keuman-Drews, 2000), disease (Smith,
2006), dental anomalies (Smith and Wojcinski, 2011), and robusticity (Boyd and Boyd,
1989). The hunter-gatherer samples have often been used as contrasts to late prehistoric
agriculturalist samples from east Tennessee.
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CHAPTER II
BACKGROUND

Archaeological Context
Shell Mound Archaic
The three hunter-gatherer site samples used in this study, Eva (40BN12), Cherry
(40BN74) and Kays Landing (40HY13) are located along the main channel of the
Tennessee River in what is now the Kentucky Lake Reservoir (Figure 1). Early
settlement of the region was defined by these highly mobile groups (Bowen, 1975, 1977;
Lewis and Kneberg 1947, Lewis and Lewis, 1961). These sites are associated with a
cultural horizon known as the Shell Mound Archaic (Anderson 2004; Brown 1985;
Marquardt, 2010; Marquardt and Watson, 1983; Morse, 1969; Peacock et al., 2010;
Phillips and Brown 2009; Price, 1985; Sassaman, 2004).
This way of life presumably post-dates the Early Archaic (ca. 8000-6000 BCE).
The onset of the Hypsithermal Warming Event in the mid-Holocene (ca. 7000-3000
BCE) (Marquardt; 2010; Lewis and Kneberg, 1959; Peacock, 2000; Pritchard, 2009) led
to the adoption of more sedentary living patterns during the Middle (ca. 6000-4500 BCE)
and Late Archaic (ca. 4500-1000 BCE). It is believed that reliable and predictable
resources allowed for longer settlement periods. During this period people were identified
as were limnomobile settlers; meaning, they lived in large settlement during plentiful
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months (Spring through fall). But, as resources became scarcer, groups would break into
small winter camps to ensure maximum survival (Bowen 1975, 1977; Bridges, 1989;
Larsen et al., 2000). The limnomobile hypothesis of settlement suggests that an
abundance of wetland resources during warmer months provided sufficient resources to
support aggregate living. However, fluctuations in resource availability during cooler
months may have caused peoples to move elsewhere (Larsen, 2000). Evidence suggests
that the climate change at the onset of the Middle Archaic provided a more stable
environment for longer term settlement; patterns; but with shifting resource availability
by the Late Archaic (Franklin, 1994), people once again took up more mobile settlement
patterns suggesting that they were not engaged in intensive agricultural practices (Lewis
and Lewis, 1961; Nance, 1987).
During the Hypsithermal there was evidently intensive exploitation of riverine
bivalves. Mussels and other mollusks are high in nutrients; however, they provide little
meat and are a poor source of calories unless consumed in large quantities (Klippel and
Morey, 1986). This, in conjunction with widespread consumption of riverine resources,
allowed for mass accumulation of bivalve refuse (Bridges, 1989; Charles and Buikstra,
1983; Emerson et al., 2009; Jefferies et al., 2005; Kidder, 2006; Peacock, 2000). Which
inspired the name of this period; Shell Mound Archaic.
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Figure 1. Map of the Tennessee River Valley

Accumulations of riverine and marine bivalves identified as mounds, circles and
middens associated with Middle to Late Archaic Period (~4500-1000 BCE) of the
Southeastern United States have been assigned many meanings over the years (Emerson
et al., 2009; Jefferies et al., 2005; Lewis and Kneberg 1961; Peacock, 2000). They have
primarily been identified as sites of food refuse from hunting and gathering peoples,
including functional uses (e.g., cooking areas, storage areas, domiciles) with secondary
socio-cultural roles (e.g., mortuary) (Lewis and Kneberg, 1961; Marquardt, 2010;
Peacock, 2000).
The diet in the Middle and Late Archaic was certainly not exclusively dependent
on shellfish. Other riverine resources include fish and nut-centered plant foods (Boyd and
6

Boyd 1989). The use of small grains and fleshy fruits are rare in Tennessee until the late
Late Archaic and Early Woodland period transition at about 4500 BP (Boyd and Boyd,
1989). And by 1200 BCE some evidence suggests the early presence of Mesoamerican
crops (i.e. maize) in the Tennessee River Valley (Boyd and Boyd, 1989; Nance, 1987).
The Middle Cumberland Mississippian
The Mississippian site utilized in this study, is associated with the Middle
Cumberland culture (Fergisun, 1972; Jolley, 1983) (1050-1450 CE) and is defined by
unique mortuary, artistic and ceramic styles. An interment form, known as stone box
burials are a common mortuary form observed in Tennessean Mississippian burial sites
(Boyd and Boyd, 1989, 1991; Dowd, 2008; Fergisun, 1972; Jolley, 1983)These
interments, are defined by a limestone stone slab formation around a corpse which is
shaped to fit the body of the individual interred (Bass, 1985; Dowd, 2008).
At the onset of the Mississippian period (ca.900 CE), small semi-sedentary family
groups transitioned to giant city centers like Cahokia; population and life expectancy
increased while culture flourished(Emerson and Lewis, 1999; Fowler, 1997, Pauketat,
2005). Population growth coupled with the newly aggregated way of life allowed for
occupational diversification which in turn led to increased cultural complexity (Bass,
1985; Cook, 1979; Eshed, 2012; Mummert et al., 2011). This shift allowed for the
development of material culture as well as a dramatic change in social organization. The
introduction of crop cultivation also allowed for the assumption of sexual divisions of
labor that became common in most Mississippian communities (Emerson, 2012).
The Mississippian period is hallmarked by its monumental earthworks, these
monuments varied in range and diversity in size, shape and use throughout the cultural
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sphere (Bass, 1985; Bense, 1994; Blakely, 1980, 1995; Boyd and Boyd, 1989; Bridges,
1989; Brown, 1985; Pauketat, 2005; Powell, 1988). Mississippian earthworks functioned
variably as symbols of social stratification, cultural and religious centers, as well as burial
sites (Bridges, 1989; Bridges et al., 2000; Lukacs, 2008; Powell, 1988). These mounds
have become a testament to the complexity of the era, as they have not only spiritual but
socio-political meaning.
Socially stratified societies, including many Mississippian chiefdoms institute
differential access of goods and services which become manifest in the archaeological
record. Certain burial contexts (i.e. mound internment, exotic grave goods) may reflect
hierarchical political organization or social role diversity (e.g. ceremonial religious) in a
stratified society (Bass, 1985; Blakely, 1980, 1995; Blakely and Beck, 1981; Powell,
1988).
There is evidence that the Eastern Agricultural Complex (cultivation of oily and
starchy seeds) was in place in the Middle Cumberland Region of Tennessee by the Early
Woodland suggesting that crop cultivation was common in Tennessee by the
Mississippian era in which maize agriculture became a dietary staple (Boyd and Boyd,
1989; Nance, 1987). Local resources such as deer, birds and fish were exploited along
with cultivated foods signifying an atypically diverse diet for the period and helped
mitigate some of the negative health consequences associated with agricultural adoption
(Boyd and Boyd, 1989).
Osteological, material, and ethnographic evidence indicate a sexual division of
labor within Mississippian society (Bridges, 1989; Bridges et al., 2000; Lukacs, 2008;
Powell, 1988). Ethnographic data, based on studies of North American peoples
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indigenous to the southeast, states that women were responsible for the majority of the
agricultural duties including crop tending, and food processing (Bartram, [1791]1980:
Hudson, 1976). Male roles in agriculture generally included clearing fields, planting, and
harvesting (Bridges, 1989; Bridges et al., 2000; Hudson, 1976: Lukacs, 2008).
Review of the Paleopathological and Medical Literature
As noted in Wolff's Law (Wolff, [1892], 1982), bone is an extremely plastic
structure; it easily reacts to both external (e.g., habitual postures) and internal forces (e.g.
disease or infection), which could cause permanent or semi-permanent traces on the
cortical surface (Ruff et al., 2006). Changes to bone dimensions and strength induced by
compressive or tensile forces of connective tissues and neighboring bones and may be
indicative of daily activity (microtrauma), disease, and acute traumatic events (AlvesCardoso and Henderson, 2010; Boulle, 2001; Bridges, 1989; Bridges et al., 2000;
Crubézy et al., 2002; Eshed et al., 2004; Kannus et al., 1995; Kennedy, 1989; Lai and
Lovell, 1994; Larsen,1995; Lukacs, 2008; Jurmain et al., 2012; Powell, 1988). These
markers, all signs of continuous, repetitive, or traumatic stress, are seen as degenerative
in nature although many of them have multifactorial etiologies.
Bioarchaeologists have long used bone reactive changes, in the form of
degenerative joint disease (also labeled osteoarthritis), entheseal change (formerly
musculoskeletal stress markers[MSM]), and skeletal robusticity, to estimate activity and
behavior (Alves-Cardoso and Henderson, 2010; Boulle, 2001; Bridges, 1989; Bridges et
al., 2000; Crubézy et al., 2002; Eshed et al., 2004; Lai and Lovell, 1992; Larsen,1995;
Lukacs, 2008; Jurmain et al., 2012; Kennedy, 1989; Oygucu et al., 1998; Pearson, 2000;
Powell, 1988;Rogers et al., 1986; Rogers et al., 2004; Ruff, 2000; Ruff and Hayes, 1983;
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Ruff et al., 2006; Trinkaus, 1975). These studies have all been integral in the discussion
or establishment of methodologies and interpretation of skeletal remains.
Subsistence has often been linked to community health status (e.g. Armelagos
and Cohen, 1984; Armelagos et al., 1991; Eshed et al., 2010; Larsen, 1995, Larsen et al.,
2002; Ruff and Hayes, 1983; Ruff et al., 2012). Isotopic analysis along with
paleobotanical research has concluded that pre-agricultural people often had more
diverse, nutritionally complex diets than those engaging in agriculture (Schoeninger,
2009). Archaic peoples relied on a wide variety of dietary resources including berries,
nuts, mollusks, and other local wildlife; conversely, the Mississippian diet relied heavily
on nutritionally poor cultigens (Mummert et al., 2001; Larsen, 1995; Larsen et al., 2002).
The differences in food procurement and processing, activity, health, and diet between
these two periods are expected to yield differential mechanical stress markings on the
bones of the rotator cuff. By examining particular entheseal locations on these bones,
another link between subsistence and subsistence behaviors may me forged.
Many of the skeletal changes on muscle insertions (enthesopathies) and joint
surface (degenerative joint disease) under investigation have been bioarchaeologically
observed and etiologically associated with time spent with long term repetitive behavior
(Alves-Cardoso and Henderson, 2010; Crubézy et al., 2002; Davis et. al., 2012; Jurmain
et al., 2012; Kannus et al., 1995; Kennedy, 1989; Lai and Lovell, 1994; Villotte et al.,
2010; Weiss, 2004, 2007). Unfortunately, as cause, kind, and severity of these changes
are actually multifactorial, great care must be taken in the assessment of reactive change,
including determining a threshold of pathology (Crubézy et al., 2002; Nolte and Wilczak,
2013; Niinimäki, 2011; Niinimäki and Sotos, 2013; Woo and Pak, 2013).
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Age is generally considered to be a factor in all forms of osteological change.
Muscle insertion footprints delineate at puberty and joint, bone and tissue degeneration
are associated with old age (Alves-Cardoso and Henderson , 2010; Auerbach and Raxter,
2008; Bass, 1987; Benjamin, 2006; Benjamin and Mcgonagle, 2001; Crubézy et al.,
2002; Davis et. al., 2012; Jurmain et al. 2012; Kannnus et al., 1995; Kennedy, 1989; Mall
et al., 2013; Niinimäki, 2011; Niinimäki et al., 2013; Ruff et al., 2006; Schwartz, 1995;
Stock and Shaw, 2007; Villotte et al., 2010; Weiss, 2004, 2007; Woo and Pak, 2013).
Interestingly, clinical research has shown that skeletal changes that occur in adults are
affected by the amount of mechanical stress endured prior to puberty (Kannus et al.,
1995). The fact that musculoskeletal stress is continuous makes age-dependant
diagnostics difficult unless well-defined age boundaries are established.
The Rotator Cuff
The rotator cuff is comprised of three bones: the humerus, scapula and clavicle as
well as four muscles: the supraspinatus, the infraspinatus, teres minor, and subscapularis.
The rotator cuff stabilizes the shoulder (glenohumeral) joint and the muscles are
responsible for arm movement. The associated joints of the rotator cuff include the
glenohumeral joint and acromioclavicular joint and the sternoclavicular joint (Culham
and Peat, 1993: Curtis et al., 2006).
Anatomy
The shoulder is the most mobile joint of the body because it only connects to the
thorax at a single point. The range of motion and the function as a joint stabilizer makes
the structure prone to stress and injury. Comprehending the anatomy of the rotator cuff is
essential to understand the physiological origins of degenerative change.
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The Humerus
The humerus is the largest long bone of the upper limb and articulates proximally
with the glenoid fossa of the scapula and distally with the radius and ulna. The proximal
epiphysis coalesces around five years of age and begins fusion with the shaft around the
twentieth year, finishing at around the age of twenty-five years. Distal epiphyses fusion
to the humeral shaft begins at around the age of seventeen (Bass, 1987; Schwartz, 1995).

Figure 2. The Four Muscle Attachment Sites of the Rotator Cuff: Subscapularis (blue),
Supraspinatus (green), Infraspinatus (red), Teres Minor (black) (Curtis et al., 2006)

The four muscles investigated in this study all attach to the proximal humerus
(Figure 2). These Muscles all leave distinct "footprints" known as entheses. Curtis et al.
12

(2006) investigated the shape and boundaries of each insertion. It was found that the
subscapularis, which is the largest muscle in the group; it is found on the lesser
tuberosity. It is responsible for internal rotation, extension and adduction of the shoulder.
Moving posteriorly around the humeral head we see the next three muscles, the
supraspinatus, infraspinatus and teres minor are on the greater tubercle of the humerus
(Figure 2). The anterior most muscle of the greater tubercle is the supraspinatus. The
second smallest muscle in the rotator cuff, it is located within the sulcus between the
biceps groove and the adjacent area at the top of the greater tubercle. The supraspinatus'
primary function is arm abduction (lateral lifting).
Next is the infraspinatus (Figure 2), the second largest of the muscles of the
rotator cuff, is situated on the superior aspect of the greater tubercle. Fibers from this
muscle group wrap around the supraspinatus (Curtis et al., 2006). That being said, the
infraspinatus traditionally works in tandem with the teres minor (Figure 2), the smallest
muscle in the rotator cuff. It is found inferior to the infraspinatus on the lateral aspect of
the greater tubercle. Both the infraspinatus and teres minor are responsible for external
rotation, extension and horizontal extension of the arm.
The Scapula
The humeral head articulates with the glenoid fossa of the scapula. The scapula is
a flat, triangular bone that rests on the dorsal lateral aspect of the thorax over the second
through seventh ribs (Bass, 1987; Culham and Peat, 1993).
The junction of the humerus and scapula is known as the glenohumeral joint. It is
a synovial ball-and-socket joint that is surrounded by a well-vascularized capsule, which
receives its blood supply from the tendons inserted in the proximal humerus.
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Hypovascualrity of the region makes the rotator cuff prone to injury (rotator cuff disease)
(Andary and Petersen, 2002; Culham and Peat, 1993).

Figure 3. Left Scapula with Intact Acromion Process

There are two projections off of the scapula. The first of these is the corocoid
process, which connects to the scapular spine, and the second, off the lateral aspect of the
scapula, is the acromion process (Figure 3). The acromion articulates with the clavicle;
this junction, known as the acromioclavicular (AC) joint connects the upper limb to the
axial skeleton (Auerbach and Raxter, 2008; Bass, 19987; Culham and Peat, 1993). The
acromion has four ossification centers that fuse between the age of 16 and 22. It is
sensitive to compression and trauma meaning that is the acromion is exposed to excessive
stress; it could lead to non-fusion of epiphyses (Bass, 1987; Miles, 1994).
The acromioclavicular (AC) joint is a synovial joint, which limits the movement
of the scapula as it primarily functions as a stabilizer for the glenohumeral cavity. The
AC joint responds to compressive and tensile stress although overloading of the joint may
14

result in the subduction of the acromion beneath the clavicle (Auerbach and Raxter, 2008;
Culham and Peat, 1993). The joint is lined by a capsule that, in turn, stabilizes the AC
joint, held by the superior and inferior acromioclavicular ligaments.
The Clavicle
The clavicle (collar bone) is a long bone situated on the anterior of the thorax,
located directly above the first rib (Figure 4). The lateral end of the clavicle articulates
with the acromion of the scapula and the sternum, and anchors the upper limb to the axial
skeleton. The clavicles are among the earliest bones to ossify, beginning at around the
fifth week after birth, and is one of the longest bones to finish fusing at around twenty-six
years of age. Thus, the clavicles have a long period in which they may be sensitive to
lateralized behavior, potentially many more years after the cessation of primary growth
(Auerbach and Raxter, 2008; Bass, 1987; Mall et al., 2013).

Figure 4. Inferior Aspect of Left and Right Clavicles

Much of the mobility in the rotator cuff is dependent on how the shoulder
complex attaches to the axial skeleton. As it is the one connection between the upper limb
and torso, the clavicle and the AC joint are subject to various stresses including torsion
and shear stress. The joint itself is not very mobile; however it is flexible enough to
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respond to the movements of the shoulder. Excessive compression or loading to the
clavicular surface may induce damage to both the bone and its associated joint (Auerbach
and Raxter, 2008; Bass, 1987; Costic et al., 2003; Culham and Peat, 1993; Stenlund et al.,
1992).
Rotator Cuff Disease
Rotator cuff disease (RCD), as noted in modern clinical contexts, is the most
common pathology associated with the shoulder (Bunker, 2002; Roberts et al. 2007; Via
et al. 2013). In reality, RCD is not a singular condition but describes a suite of
pathologies within the shoulder complex (Benson et al., 2010; Northover et al., 2007;
Roberts et al. 2007). The interconnectivity of the rotator cuff often means that injury to
one aspect of the region may trigger further injury. The multifactorial etiology of RCD is
often linked to various degenerative changes over time associated with external stressors.
(Benson et al., 2010; Bunker, 2002). The most common pathology associated with RCD
is subacromial (anterosuperior) impingement syndrome. However, additional injuries
include enthesopathies and degenerative changes to the surrounding bones and tissues
(Bunker, 2002). Several archaeological studies conducted by Miles have identified this
disease paleopathologically (1996, 1999, 2000). While no evidence of severe subacromial
impingement has yet been identified in the study sample (where pathology manifests
osteologically), it does not rule out other facets of RCD. Although skeletal manifestations
of subacromial impingement were not observed on the humeral head, the pathology is
closely associated with the presence of rotator cuff tears (enthesopathies; particularly that
of the supraspinatus) and reactive change to the acromioclavicular joint which will be
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investigated in this study (Bigliani and Levine, 1997; Frost and Anderson; 1999; Mall et
al., 2013; Roberts et al., 2007).
As mentioned, continuous stress over time contributes to the development of the
degenerative changes that are hallmarked by RCD. Many of these changes are linked to
damage or injury at muscle insertion sites, which, in this investigation will be identified
as enthesopathies. Additionally, RCD is often a causative precursor to degenerative joint
disease (DJD). Therefore this investigation will focus on these two aspects of RCD to
quantify degenerative and injurious osteological change in relation to stress.
As the degenerative changes associated with RCD are not contributory to death, it
is safe to assume that they reflect prevalence within a living population (Woo and Pak,
2013; Waldron, 1994).
Entheseal Change Etiology
The locations where tendons and ligaments insert into bone are clinically known
as entheses or insertions. Tendons and ligaments distribute muscular loads transferred to
and from the skeleton. Stress concentration at the site of insertion makes these insertions
vulnerable to injuries.
Long term stress (microtrauma) or acute trauma to the entheses can manifest in
several ways (pitting, bone formation, etc.), known as enthesopathies. Sensitivity to
damage may be exacerbated by the integration of disease, hormonal levels, and/or genetic
predisposition (Benjamin, 2008; Benjamin et al., 2006; Benjamin and McGonigal, 2001;
Benson et al., 2010; Milella et al., 2012; Niinimäki 2011; Niinimäki and Sotos; 2013;
Wilczak, 1998; Woo and Pak, 2013).
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Entheseal sites are categorized by their locations on bone. Fibrocartilagenous
attachments are found on epiphyses while diaphyseal entheses are known as fibrous
attachments (Benjamin et al., 2006). The attachments of the rotator cuff, all located on
the proximal humerus, are the former and will be the primary concern of this study. The
manner of transition in zones of fibrocartilagenous entheses from bone to soft tissue
makes it difficult to pinpoint the where the enthesis begins and ends (Benjamin et al.,
2006).
Recent research has endeavored to map the footprint of the fibrocartilagenous
entheses on the proximal humerus (Curtis et al., 2006; Jurmain et al., 2012).
Fibrocartilagenous attachments are smaller that fibrous attachments, and thus allow
associated tissues a greater range of motion. This is evident in the attachments of the
rotator cuff. The freedom of the shoulder complex requires high levels of joint stability.
Closely packed muscle, tendon, and joint groupings help diffuse stress and tension.
However, this comes at a price because damage to one muscle or tendon grouping may
compromise those nearby (Alves-Cardoso and Henderson, 2010; Benjamin, 2006;
Benjamin and Mcgonagle, 2001).
Change to fibrocartilagenous entheses function as an excellent means for
assessing mechanical stress osteologically. In healthy entheses, attachment sites are
avascular; this suggests a poor healing response leaving permanent indications of
degenerative or destructive change. These modifications can manifest in two varieties,
bone formation or bone destruction (Figure 5) (Jurmain et al., 2012; Milella, 2012). In
either case, bioarchaeologists can use these changes as a proxy for quantifying stress.
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Figure 5. Entheseal Change at the Subscapularis, Supraspinatus and Infraspinatus.

Entheseal Change as an Indicator of Behavior
There has been a great transformation in how the archaeological community has
examined entheseal change over time. Ken Kennedy (1989) posited that entheseal
changes, then called musculoskeletal stress markers (MSM), could be attributed to
specific actions. From this, much of the following research on entheseal change has been
in relation to the reconstruction of specific mechanical stresses (Eshed et al. 2004;
Hawkey and Merbs 1995; Lie and Lovell, 1994; Lieverse et al. 2009; Molnar 2006).
The primary issue that arises when associating skeletal markers to specific
behaviors, since people engage in several activities on a daily basis, is that it is often
difficult to differentiate occupations from skeletal material. Several behaviors may
contribute to a particular entheseal change, or one behavior may contribute to many
entheseal modifications (Alves-Cardoso and Henderson 2010; Jurmain 1999; Jurmain et
19

al., 2012; Milella et al., 2012; Niinimäki 2011; Roberts 2007; Villotte et al. 2010; Villotte
and Knüsel). It is for this reason that it is difficult to ascribe specific occupations or
behaviors to entheseal change; instead scholars look specifically at causative actions (i.e.,
lifting the arm above the head, pulling something towards the body, etc.) and postures to
determine what triggered a specific change. Additionally, changes in terminology from
MSM to EC were made to accommodate the multifactorial origin of change (Jurmain and
Villotte, 2010; Milella et al. 2012).
The degree of entheseal change is more likely the product of age, sex and body
size in tandem with culture, occupation, and subsistence strategies (Alves-Cardoso and
Henderson 2010; Jurmain 1999; Jurmain et al., 2012; Kennedy, 1989: Lieverse et al.
2009; Milella, 2012; Weiss 2004). It is because of this that larger individuals have more
pronounced entheseal changes than smaller individuals, males have more than females,
and older individuals have more than younger individuals (Eshed et al. 2004; Hawkey
and Merbs 1995; Kennedy, 1989; Milella et al., 2012). This variability must be taken into
account when examining behavioral stress and can explain much of the differentiation
between individuals of differing cohorts.
Early research of entheseal change (EC), often utilized a technique proposed by
Hawkey and Merbs (1995). This method involved scoring three aspects of osteological
change: robusticity markers, stress lesions, and ossification exostoses. Recently, this
method has been reevaluated and found to be too general in its descriptions of
osteological change (Davis, 2012). Revised methodologies have been proposed.
Studying entheseal change is still useful in evaluating behavioral trends in past
populations. However, instead of using it as a tool to determine specific occupational
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stress, it better serves as a means for comparison. This includes the examination of
temporal change in activity at a single site or even stress related to common activities
over a spatial distance.
As mentioned previously, new methods proposed by Mariotti et al. (2004, 2007)
were created for a more thorough scoring system of entheseal change and robusticity.
Later, these techniques were built upon to establish a yet more detailed methodology at a
conference held at the University of Coimbra (thus termed the Coimbra Method). These
methods include the division of entheseal margins and insertional surfaces when
assessing degenerative change. Many studies have created a foundation of basic
assessments on which to support this new methodology (Alves-Cardoso and Henderson
2010, 2012; Henderson, 2012, 2013; Henderson et al., 2010; Henderson et al., 2013;
Milella et al. 2012; Villotte et al., 2010; Villotte and Knüsel).
Temporal research on entheseal change has been conducted, using the Coimbra
Method, on Moundville and its surrounding communities between the Late Woodland
(500-900 CE) and the Mississippian (1000-1500 CE) which indicated increased upper
limb stress during the later period. Differences in changes also appeared between the
sexes, age and settlement location. It was found that status had the greatest impact on
entheseal change (Jurmain et al., 2012; Schuler et al 2012). Evidence suggests that not all
Mississippian communities were stratified to the same extent; therefore it would be
interesting to see if status impacted entheseal change in other urban Mississippian
communities.
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Entheseal Rugosity
Entheseal changes are not the only way in which archaeologists have evaluated
musculoskeletal stress in past populations. Research has been conducted to determine
status related stress by measuring cortical thickness in long bones, examining growth
arrest lines, dietary differences, age at death, and dental pathologies (Ambrose et al.,
2003; Goodman and Armelagos, 1988; Hatch et al., 1983; Hatch and Geidel, 1983;
Hedman, 2006; Wilson, 1997). These methods used concurrently with entheseal data can
be used to evaluate activity related stress to nutritional and health related stress, to create
a comprehensive understanding of living conditions in past populations.
Robusticity is the normal osseous markings at the site of attachment of a muscle
or ligament that was stimulated by high levels of muscle loading (Figure 6). Rugosity of
muscle insertions, also identified as robusticity, indicates exuberant bone growth at the
area adjacent to the attachment and they reflect the stress of muscular pull, require a
substantial attachment area to prevent rupture (Hawkey and Merbs, 1995; Kannnus et al.,
1995; Niinimäki, 2011; Niinimäki et al., 2013; Ruff et al., 2006; Stock and Shaw, 2007).
Early in development, fibrocartilagenous muscle insertions are presented as a well
articulated facet, continuous use beyond puberty can result in damage, but normal wear is
also evident at insertion sites; rugosity is counted among the latter (Niinimäki, 2011;
Niinimäki et al., 2013; Ruff et al., 2006; Stock and Shaw, 2007; Villotte and Knüsel ).
Bone needs to accommodate increased muscle mass. Rugosity is apparent when the bone
surrounding the facet thickens around attachment sites, mechanical loading induces bone
remodeling. The type and the magnitude of the response can vary depending on several
factors (e.g. genetic predisposition, health, etc.). Robusticity markers are always
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observable, although with variable degrees of expression, while enthesopathies can be
absent or present (Hawkey and Merbs, 1995; Kannnus et al., 1995; Mariotti et al., 2004,
2007; Niinimäki, 2011; Niinimäki et al., 2013; Ruff et al., 2006; Stock and Shaw, 2007;
Villotte and Knüsel).

Figure 6. Rugose Teres Minor Insertion

As seem above with EC, Mariotti and colleagues (2004, 2007) proposed a
standardized method for scoring robusticity of entheses and the possible presence and
degree of development of enthesopathies. This method not only specifies normal change
to pathological change, but develops a standardized scoring protocol that is accompanied
with corresponding imagery. Although this method has been gaining supporters over the
years, detractors argue that this method does not account for the variation in change to
entheses.
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Degenerative Joint Disease Etiology
Degenerative joint disease (DJD), also identified as osteoarthritis (OA), is the
most common of all joint disease found in skeletal remains. I here use the term DJD as
opposed to OA to fully differentiate it from other types of inflammatory diseases also
known as arthritis (e.g. rheumatoid arthritis). DJD is a multifactorial degenerative
condition that may be the result of long-term use, over-use or acute trauma to a joint
(Bridges, 1992; Eshed et al,. 2004; Eshed et al,. 2010; Jurmain, 1999; Mall et al., 2013;
Waldron, 2012; Weiss and Jurmain; 2007). Its prevalence increases with age (Bridges,
1992; Waldron, 2012). Over time, articular cartilage surfaces that make up synovial joints
deteriorate, thus resulting in the formation of osteophytes at the joint margins and areas
of porosity (pitting) on denuded bone (Figure 7a). Many bioarchaeologists require the
presence of eburnation in (Figure 7b) the identification of Osteoarthritis. However, as a
diagnostic standard, the presence of marginal osteophytes is usually sufficient in its
diagnosis (Rogers 2000; Waldron, 2012).
Early studies of DJD focused on its association with aging with special attention
paid to spinal deformation (Chapman, 1962; Jurmain et al., 2012). By the 1980s, DJD
was used as an indicator of occupational (behavioral) stress beginning with Merbs' (1983)
investigation of activity induced pathologies of an Inuit population (Jurmain et al., 2012;
Merbs, 1983). Inquiries of this nature took off after this investigation and introduced a
new line of stress related change although many of these studies warn against using DJD
as a specific behavior indicator (Bridges, 1992; Crubézy et al., 2002; Hawkey and Merbs
1995; Jurmain and Kilgore, 1995; Waldron, 1991, 1995; Woo and Pak, 2013)
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Reactive change results from the deterioration of articular cartilage of synovial
joints. Traditional indicators of DJD include peripheral osteophytic growth, porosity at
the joint surface (Figure 7a), and eburnation (Figure 7b) (Bridges, 1992; Waldron, 2012).
Recent studies have suggested that these criteria are too narrow and should be expanded
to include these changes at both joint surfaces and margins (Bridges, 1992; Crubézy et
al., 2002; Jurmain et al., 2012).

b

a
Figure 7. a) Arthritic Pitting at the Glenoid of the Scapula
b) Eburnation on the Distal Humerus

Additionally, many studies have been conducted on DJD, which indicate that
physical stress increases with the introduction of agriculture. However, it is not a
universal observance (Bridges 2000; Eshed et al. 2010; Larson 1995). It has been
suggested that the prevalence and severity of behaviors is what causes the degree of DJD
in a population. In hunting and gathering societies, meat that was obtained in a hunt was
probably a primary source of protein. Success in hunting requires accuracy and strength.
It would be a year round activity one which could not be put off for childbirth (meaning
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that men probably did more hunting than women). Therefore, individuals who hunted
regularly (males) would indicate greater presence of degenerative change than those who
did not (females). This, along with greater overall size of males would be expected to
result in higher levels of activity related pathology in males (Rogers 2000).
As DJD and entheseal change are identified as indicators of stress both have been
used in tandem to examine mechanical stress in several studies of note (Lai and Lovell,
1994; Molnar, 2011; Woo and Pak, 2013). An investigation by Lie and Lovell (1994)
used the two stress indicators to illustrate the harsh working environments experienced by
Canadian fur traders. Degenerative damage to the spine, correlated with entheseal data
indicating that men engaged in the fur trade were subject to heavy burden bearing
activities. Additional examinations of the lower limb show changes associated with
kneeling and canoe paddling.
In 2013, a study by Woo and Pak investigated the association of these two
mechanical stress indicators in a skeletal population from a Joseon Dynasty cemetery in
Seoul, Korea. They found that there is an association between DJD and EC in specific
joints including the elbow and hip. They agreed that both DJD and EC increased in
severity with age and they conclude that both of these stress indicators have the same
pathogenesis and are both sensitive to genetic and external factors.
Degenerative Joint Disease at the Acromioclavicular Joint
This investigation focuses on DJD of the acromioclavicular joint. Heavy
mechanical use, typically cross body and over-head movements during manual labor,
associated with burden bearing is coupled with the degeneration of the fibrocartilagenous
disc that sits between the clavicle and acromion process of the scapula. Many of the
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studies of degenerative change to the region have been clinical radiographic
investigations (Mall et al., 2013; Stenlund et al., 1992). Although helpful in
understanding the pathology, these radiographs do not provide the insight necessary for
osteological investigation as they focus on soft tissue damage.
Of the few paleopathological investigations of the degeneration of the
acromioclavicular joint, little has been noted about both facets connecting the tissues of
the joint (Figure 8 a and b). Most of these studies have used either one attachment site or
the other (Waldron and Rogers, 1991), combined data from the region or both joint
facets (Rogers et al., 2004; Waldron, 1995) or it was not mentioned what was examined
to determine change to the acromioclavicular joint (Crubézy et al., 2002; Waldron, 1991)
A study by Roberts et al. (2007) indicates similar rates of DJD in both the
clavicular facet of the acromion process and the acromial facet of the medial clavicle.
They documented high rates of degeneration, but data for both facets were pooled in this
investigation. Although there were high rates of reactive change at the acromioclavicular
joint surfaces, it was not associated with an increase in degeneration at other joints and
surfaces of the rotator cuff in their sample.
Additional studies have also found high rates of DJD in the acromioclavicular
joint from the Neolithic through to the Georgian and Early Victorian periods in England
(Crubézy et al., 2002; Waldron, 1991). In these investigations, reactive change usually
expressed bilaterally although there was no differentiation between which facet site was
examined in either study. When it did not express bilaterally, there was a right side bias.
Small sample size was small so the likelihood. No resource has suggested a difference in
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the cause, if any between the expressions of reactive change at the clavicular facet versus
the acromial facet of the AC joint.

a

b

Figure 8. Degeneration of the Acromioclavicular Joint a) Severe Degeneration at the
Clavicular Articular Facet of the Scapula b) Severe Degeneration at the Acromial
Articular Facet of the Clavicle

Skeletal Robusticity
Robusticity is a probably the most important factor in interpreting signs of stress
induced skeletal change. Skeletal size has been positively correlated with the
development of stress indicators (e.g. EC) (Cohen and Armelagos, 1984; Boyd and Boyd,
1989; Jurmain et al., 2012; Mummert et al., 2011; Niinimäki and Sotos, 2013; Nolte and
Wilczak, 2013; Pearson, 2000; Ruff and Hayes, 1983; Ruff et al., 2012; Stock, 2006).
Skeletal morphology is influenced by many of the same factors that produce/influence
stress related skeletal change (diet, genetics, disease, etc.) therefore it is not a far leap that
the two are associated (Godde and Taylor, 2010; Konigsberg et al., 1998; Mummert et
al., 2011; Pearson, 2000; Ruff and Hayes, 1983; Ruff et al., 2012; Stock, 2006).
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The most well documented association between skeletal stress and robusticity is
the quantification of EC and body size. Fundamentally, the footprints of entheses are
fixed during development. Muscle growth, however, can continue long beyond skeletal
growth ceases. When an enthesis is too small to accommodate surrounding musculature,
it becomes more prone to injury (Hawkey and Merbs, 1995; Jurmain et al., 2012; Nolte
and Wilczak, 2013). Additional research has suggested that imprint formation is also
linked to body size (Godde and Taylor, 2010; Trinkaus, 1975).
Environmental and cultural factors are also considered indicators for skeletal
robusticity. The chief factor linked to changes in stature and robusticity are associated
with distinct cultural change, which often manifests as transitions in subsistence
strategies (Boyd and Boyd; 1989; Bridges et al., 2000; Goodman et al., 1992; Larsen et
al., 2002), although these findings are not universal (Mummert et al. 2011). Dietary and
health consequences of subsistence change are thought to influence skeletal change.
Decreases in nutritional diversity and increased disease exposure coupled with greater
mechanical demands may affect skeletal robusticity within populations, specifically those
transitioning to sedentary agriculturalism (Boyd and Boyd, 1989; Goodman, 1993;
Mummert et al., 2011).
Past research has indicated that disparities in between populations' robusticity are
generally linked to activity level (Boyd and Boyd, 1989; Bridges, 1989; Pearson; 2000;
Ruff and Hayes, 1983; Ruff et al., 2012). One of these investigations carried out by Boyd
and Boyd (1989) examined femoral robusticity between Archaic hunter-gatherers and
Mississippian agriculturalist sites from Tennessee. Their study indicates that the
Mississippian samples did not display reduction in robusticity thought to be linked to
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nutritional stress brought on by maize intensive diets. They concluded that the
Mississippians in the region most likely supplemented their maize consumption with a
wide variety of other local resources.
Further investigations, like that by Godde and Taylor (2010), suggest that body
mass index (BMI) combined with skeletal robusticity could be a major factor in the
development of degenerative changes to the skeleton. As with muscular robusticity, the
entheses did not develop to cope with the burden of extra weight (body fat).The increased
weight (strain) at attachment sites makes the skeletal system more prone to injury
especially at the joints. Obesity and its related skeletal alterations are not very apparent in
pre-agricultural sites; however, obesity and related illness are visible in agricultural
societies.
It must be noted that lower skeletal robusticity may be indicative of frailty or
vulnerability. Individuals with low robusticity scores may be ill and die at a young age
(Goodman, 1993). So samples with low skeletal robusticity may indicate high rates of
health issues. This is why investigations of skeletal robusticity must be multifactorial in
nature.
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CHAPTER III
OSTEOLOGICAL SAMPLES

The four collections used in this study, (three Archaic and one Mississippian) are
housed at the McClung Museum in Knoxville, Tennessee. The sites were selected for
their proximity in location in upper west-central Tennessee along the Tennessee River,
and for the contrasting subsistence pattern (mobile hunter-gatherers versus sedentary food
producers).
Archaic Sample
Eva (40BN12)
The Eva site is located in Benton County, Tennessee. It lies along a former
elevation of the Tennessee River bank between the river and one of its branches, Cyprus
Creek (Bass, 1985; Magennis, 1977; Lewis and Lewis, 1961). Eva is a multi component
site with distinctions of three Archaic cultures, Eva Phase in the Middle Archaic
(5200BCE) Strata IV-V), Three Mile (4000-2000 BCE) (II-III) for the Late-Middle
Archaic, and Big Sandy which was late Late Archaic with contact with Woodland
((2000-1000 BCE) Strata I and Plowzone) cultures.
A total of 179 burials were excavated from Eva. The component being
investigated in this study is the Late Archaic, and some Middle Late Archaic from strata
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II and III, which correspond with the Three Mile Phase (Lewis and Lewis, 1961). Onehundred and two burials correspond with this phase.
Cherry (40BN74)
Also in Benton county, the Cherry site is located between two former tributary
streams of the Tennessee River, specifically, the Big Sandy confluence (Magennis,
1977). It is considered to be one of the most remote of the western Tennessee valley
Archaic sites (Lewis and Kneberg, 1959; Magennis, 1977). That being said, it is
geographically located in close proximity to the Eva site when compared to Kays
Landing.
Excavations, contemporary to the Three Mile phase (Eva III) at the Eva site
(Middle and Late Archaic) were recovered. This was the only deposit identified at the site
and 69 burials were recovered from it.
Kays Landing (40HY13)
The Kays Landing site is located in Henry County along the main branch of the
Tennessee River. No formal site report has been compiled, although it has been
mentioned in articles and unpublished master's theses (Boyd and Boyd, 1991; Lewis and
Kneberg, 1947, 1959; Wojicinski, 2011). It is the northernmost Archaic site in this study.
Excavation of the site yielded three components to the site all within the range of the
Archaic period although the sample is dated slightly later than both Eva and Cherry
(Lewis and Kneberg 1959).
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Mississippian Sample
It was not possible to find a comparable number of Mississippian sites from the
region; however, the sample utilized in this study, Thompson Village (40HY5), fit the
geographic requirement, and yielded a higher number of burials making the sample size
of this single site more complete than those found in the Archaic. The two other
Mississippian samples under consideration for this study, Link Farm (40HS6) and
Slayden (40HS1) (suggested to be the settlement of a single site across the river), and
Indian Bluff (40SW20) were rejected from the study due to poor preservation.
Thompson Village (40HY5)
Thompson Village is located in Henry County, just north of the Kays Landing
site, at the confluence of the Big Sandy and Tennessee Rivers. No radio-carbon dates
have been established for this site, ceramic and carbon dates of the region has placed
settlement at 1050-1450 CE within the geographic confines of and preceding the
temporal period known as the Vacant Quarter (Beaham, 2013;Cobb and Butler, 2002;
McClain, 2013) The site, briefly visited by C.B. Moore, was excavated under the
direction of George Lidberg for the University of Tennessee with the majority of the
work was done by WPA (Works Projects Administration) field Crews (Bass, 1985). The
site resided on an alluvial plain that proved to be ideal for agricultural activities (Bass,
1985).
The site itself was a habitation site found in loose association with the Gray Farm
mound center (40SW1) (as opposed to the site containing a mound center) . This
suggests that Thompson Village was a satellite settlement, and thus not a major center for
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social, religious or economic activity (Bass, 1985). Two cemeteries were identified at the
site from which 187 burials were recovered.
The primary cemetery at Thompson Village was found at the point of highest
elevation at the site. Only two burials were in limestone slab boxes, probably due to a
lack of raw materials (Bass, 1985). Many of the burials were found in kin groups with
several interment forms (e.g. bundle burials, isolated skulls, and the inclusion of a few
infants) (Bass, 1985).
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CHAPTER IV
METHODS

Cortical changes of the three bones of the rotator cuff (humerus, clavicle and
scapula) will be examined for this study. Only adult (skeletally aged 18 or older)
individuals with at least one mostly preserved skeletal element of the shoulder will be
subject to study. Each skeletal element will be examined for entheseal change or
osteoarthritis and, in the case of humerus, robusticity. Males, females, and individuals of
undetermined sex from both subsistence strategies, as well as those of the three adult age
groups will be counted and assessed by each skeletal element. Frequencies will be
calculated for comparison between temporal periods, sex and age. Further Statistical
analysis will determine whether the hypothesis that Mississippian women sustained the
greatest amount of bone change with older individuals having more severe changes than
younger individuals is accepted.
Age and Sex
Age and sex determination are based on previous osteological analysis as appears
on inventory lists at the McClung Museum. The adult age was determined by the
occlusion of at least one third molar. All individuals will be grouped into three age
cohorts, "Advanced" (50+), "Middle Aged" (25-50) and "Young"(18-25) based on
previously set aging system. As the age cohorts are overly broad, age-based analysis will
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not be the primary focus of this study. In fact, age will only be taken into account when
sampling bias is evaluated.
Scoring protocols
Rotator cuff disease, as previously mentioned is the primary clinical term for
stress related injury to the shoulder. In this study, entheseal change was chosen as a proxy
for RCD. It was selected because it is indicative of soft tissue damage that is often
clinically recognized as RCD. Further investigation of entheseal wear includes an
examination of teres minor robusticity which is indicative of heavy muscle use.
Additionally, RCD is often a precursor to degenerative joint disease as the body is subject
to similar wear-and-tear to elicit both pathologies.
Entheseal change
Entheseal change will be quantified through a modified comparative scoring
system in accordance with the Coimbra Method (Alves-Cardoso and Henderson 2010,
2012; Henderson, 2012, 2013; Henderson et al., 2010; Henderson et al., 2013; Milella et
al. 2012; Villotte et al., 2010; Villotte and Knüsel). Seven criteria were established for
types of change at the margin and attachment surface of the muscle attachment (Table 1).
The number of present changes was counted for each enthesis. An adaptation of Hawkey
and Merbs (1995), Mariotti et al. (2007), and Alves-Cardoso and Henderson (2010)
scoring methods was used to quantify EC. Two scoring groups, indicating nonpathological (0 and 1) and pathological (2+) change were measured. For an enthesis to
qualify for examination two-thirds of the entheseal footprint must be present for analysis.
Due to limited sample size, further analysis on severity was not undertaken.
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Table 1. Criteria Assessed for Entheseal Change
Margin of attachment site
Attachment surface
Bone Formation (BFZ1)
Erosion (ERZ1)

Bone Formation (BFZ2)
Erosion (ERZ2)
Fine Porosity </= 1mm (FPO)
Macro porosity >/= 1mm (MPO)
Cavitations (CA)

Entheseal Rugosity
The teres minor entheseal insertion was the only one assessed on rugosity alone.
The muscle attachments were scored for ruggedness following standards set by Mariotti
et al., (2004, 2007). However, instead of using a five degree scale, this study used only
three measured on a scale from none to incipient to full (Table 2). This change was
implemented to differentiate no rugosity from what could be considered normal and
abnormal (high) entheseal buttressing. Scoring protocol is as follows:

Table 2. Scoring Protocol for Teres Minor Rugosity
No Rugosity
Rugosity
None (N)
Incipient (I)
Full (F)
The impression is
The attachment area
The impression is
practically absent;
is well delimited
delimited by wellThe surface of the
although the edges
defined margins
attachment site is
are discontinuous
with an irregular or
smooth
rugose surface

Many of the research questions employed involved the further condensation of the
data set to presence/absence. In this case, scores of zero were compared to combined
scores of one and two.
Degenerative Joint Disease
Degenerative Joint Disease, was scored on a four point scale, but analyzed in two
categories divided non-pathological (scores of 0 and 1) and pathological (scores of 2 and
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3) based on scoring criteria seen in Table 3. For the purposes of this study, the clavicular
imprint on the acromion process of the scapula, and the acromial facet on the lateral
clavicle will be analyzed. For a joint surface to be analyzed, two-thirds of the surface
and/or margin had to be present.

0
Nothing

Table 3. Criteria for Scoring DJD
Non-Pathological
Pathological
1
2
3
Up to 1 criteria in
Has to have 2 of each Has to have 2+ of each
each category
in at least 1 category in both categories
and/or eburnation
and/or eburnation
Margin
Margin
Margin
Osteophytes
Osteophytes
Osteophytes
New bone
New Bone
New Bone
Pitting
Pitting
Pitting
Joint surface
Joint Surface
Joint surface
Bone formation
Bone formation
Bone formation
Pitting
Pitting
Pitting
Deformation
Deformation
Deformation

Skeletal Robusticity
Skeletal robusticity has been found to have a positive correlation with insertional
rugosity as well as other signs of stress (Knüsel, 2000; Konigsberg et al., 1998; Mummer
et al., 2011; Pearson, 2000; Ruff, 2000; Ruff and Hayes, 1983; Ruff et al., 2012; Stock
and Shaw, 2007; Trinkaus, 1975), for this reason, I chose to examine the effects of
robusticity as well.
A robusticity index utilizing osteometiric data from the humerus, as noted by
Pearson (2000) was utilized for this study. Measurements were taken for both the
minimum and maximum mid-shaft diameters using hand calipers as well as a
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measurement for maximum length taken on an osteometric board. The index was formed
utilizing the equation
[

]

(Pearson, 2000).

Skeletal robusticity studies work best when examining genetically and
geographically distinct populations to themselves (Pearson, 2008). As the samples in this
study represent continuous use of the region by the same peoples over time, inter site
analysis would be deemed feasible.
Robusticity data was only gathered from the Kays Landing site, and partially
from Thompson Village. It is for this limited sample that only a cursory investigation of
skeletal robusticity will be conducted.
Statistical Methods
All comparative analyses will be done using Fisher's Exact tests with a
significance level of 0.05. Additionally, a threshold of 0.1 (90 percent confidence level)
was used to assign a statistical significance to prevalence which trended to, but did not
achieve the 95 percent confidence interval. These were labeled "not quite statistically
significant." The Fisher's Exact test is presented as an alternative to the chi-square test for
small sample size. One-tailed tests were used because expression of skeletal change can
only be judged on a positive scale. The null hypothesis is that of no difference between
samples. The test is useful for categorical data, 2X2 tests utilize this data when split into
two categories (McDonald, 2009; O'Rourke et al., 2005). This test is used unless
otherwise specified. Two-tailed tests were employed only when data contained more than
presence/absence data.
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CHAPTER V
RESULTS

This chapter contains several components including site sample demographics,
data on skeletal change and comparative analyses of settlement and subsistence
strategies. examination of stress related change by physiological location, and temporal
differences between the Late Archaic and the Mississippian all indicate that skeletal
stress was more prevalent within the Mississippian period.
Site Demography
There is an uneven sample size distribution of the skeletal material recovered
from each site. A total of 161 adult burials for the Middle and Late Archaic sample and
132 burials were recovered for the Mississippian sample were originally recovered. A
generally poor preservation of the shoulder girdle (primarily the posterior proximal
humerus, acromion process of the scapula, and the distal clavicles) resulted in incomplete
data sets for many individual burials.
Within the Middle and Late Archaic, 114 burials from all three sites that fit the
minimum criteria for use in this investigation. The Mississippian sample yielded 82
usable burials. However, issues with preservation led to substantially smaller sample
sizes for each tested variable.
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Eva. Sixty-five individuals were examined from Eva, 40 of which have usable data. Of
these, 9 (22.5 percent) were sexed as male and 24 (60 percent) as female, 7 (17.5 percent)
were not sexable. The proportion of females to males indicates a female bias within the
sample (Figure 9). The age data suggests that there is also a bias towards young
individuals in the total sample.
The young age cohort comprises 62.5 percent (25/40 individuals) of the sample.
Young individuals composed 66.7 (6/9) of the male sample, and is the only discernible
age cohort represented in males. The young age cohort represents 70.8 percent (17/24) of
female burials. The middle age cohort is 10 percent (4/40) of the total sample but is only
present in female burials where it represents 11.8 percent (2/17) of the age sample. There
are no advanced age burials identified. Eleven individuals were not ageable.

Site

Young
N
Eva
25/40
Cherry
15/34
Kays Landing 8/40
Thompson
13/82
Village

Table 4. Age Distribution of Sites
Middle
%
N
%
62.5
4/40
10.0
44.12
7/34
20.59
20.0
24/40
60.0
15.85
34/82
41.46
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Advanced
N
0.40
0/34
3/40
6/82

%
0
0
7.5
7.32

45
40
35
30
25

Males

20

Females

15

Sex ind.

10
5
0
Eva

Cherry

Kays Landing

Thompson
Village

Figure 9. Sample Sex Distribution by Site

Cherry.The smallest Archaic sample, 52 individuals are examined with 34 yielding
usable skeletal elements. Sixteen of the total individuals (47.1 percent) which in the
sample are male, 13 (38.2 percent) are female, and 5 (14.7 percent) are sex indeterminate.
The total young age cohort comprises 44.1 percent (15/25) of all aged data. Of these, 50
percent (8/16) are males and 38.5 percent (5/13) are females. The middle age cohort
comprises 20.6 percent (7/34) of the Cherry Sample. Twenty-five percent (4/16) of the
male sample and 23.1 percent (3/13) of the female sample fall into this age cohort (Table
4). Twelve burials could not be aged. Similar to Eva, Cherry has a higher proportion of
younger individuals in the sample than other age groups and no burials from the
advanced age cohort (Table 4).
Kays Landing. The best preserved sample, 40 out of the original 45 burials generated
from Kays Landing have usable data. The sample is comprised of 21 (52.5 percent)
males, 17 (42.5 percent) females, and 2 (5 percent) unsexable individuals. All three age
cohorts are represented in the Kays Landing sample (Table 4). The young age cohort
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composes 20 percent (8/4) of the total sample. Fourteen-point-three percent (3/21) of the
males and 29.4 percent (5/15) of the females fall within this age group. The middle age
group represents the majority of the sample at 60 percent (24/40). This cohort represents
61.9 percent (13/21) of the total male sample and 64.7 percent (11/17) of all females. The
advanced age cohort represents 7.5 percent (3/40) of the total sample. All of these
individuals are sexed as male and thus represent 14/3 percent (3/21) of the total male
sample. There are no advanced age female burials (Table 4) .
Thompson Village. The only Mississippian site had 132 individuals, 82 of which have
any usable data for this study. Thirty-one (37.8 percent) burials are sexed as male, 40
(48.8 percent) are female, and 11 (13.4 percent) are sex indeterminate. All three age
cohorts are represented in the Thompson Village sample. The young age cohort
represents only 15.85 percent (13/82) of the total sample. The male component is
comprised of 19.4 percent (6/31) of young individuals and 12.5 percent (5/40) of the
female sample. The middle age cohort is the largest group represented in the sample at
41.5 percent (34/82) of the usable burials. Of the males, 45.2 percent (14/31) are in the
middle age group while 45 percent (18/40) of the females fall into this cohort. The
advanced age group comprises 7.3 percent (6/82) of the total sample and is represented
by both sexes. One (3.23 percent) advanced age male (out of 31) is present as is 10
percent (4/40) of the female sample. Nineteen individuals could not be aged (Table 4).
Subsistence differences. When the Archaic sites were collapsed into a single temporal
unit, it became evident that the sex distribution from both time periods is similar for both
sexes suggesting little, if any, sex bias in temporal data (Figure 10).
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Interestingly, there is a difference in age demographic of the individuals interred
Between subsistence strategies. Demographic data indicate that the Archaic period has a
higher occurrence of young burials (40.7 percent) in the sample than the Mississippian
(15.9 percent). The Mississippian sample conversely has more middle and advanced age
individuals than the Archaic. While the presence of advanced individuals is rare, it is
more so in the Archaic than the Mississippian (Table 5).

Young
Middle
Advanced

Table 5. Age Cohort Demographics by Period
Late Archaic
Mississippian
N
%
N
%
48/114
40.7
13/82
15.9
35/114
30.7
34/82
41.5
3/114
2.6
6/82
7.3

p-Value

60
50
40
Males
30

Females
Sex ind.

20
10
0
Late Archaic

Mississippian

Figure 10. Sex Distribution by Period
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Osteological Change
The results here indicate the presence of osteological change throughout the
Tennessee River Valley. Here, temporal trends appear that that are not necessarily
reflected by individual sites.
Enthesopathies by Osteological Landmark
Temporal differences in the expression of entheseal change are apparent between
the Middle and Late Archaic and Mississippian samples. Although entheseal differences
were not universally observed at every insertion site, however, patterns emerge when data
is collapsed by subsistence strategy.
The Subscapularis
Eva. The Eva site has 24 individuals with a preserved subscapularis footprint (7 males,
16 females, 1 sex indeterminate). Eighteen left humeri and fifteen right humeri are
preserved. Of the left insertions, 33.3 percent (6/18) had pathological changes. The
surviving right subscapularis entheses have a slightly higher rate of pathological
destruction at 46.7 percent (7/15) of insertions. A one-tailed Fisher's Exact test,
determined that enthesopathies are expressed bilaterally (p=0.3360) (Table 6).
The majority of the left male entheses display normal wear leaving one individual
out of six (16.7 percent) with injury to the insertion. Half of the right male humeri (2/4)
have pathological damage. In contrast, females have a higher proportion of left-side
enthesopathies (5/12, 41.7 percent). Forty percent of the female right humeri (4/10) have
enthesopathies. Although side asymmetry may not be present between the sexes, the male
sample size is too small to support any hypotheses. Pooled data indicates no sex
differences in pathological change to the subscapularis are found in this sample
(p=0.4273) (Appendix A, Table 6).
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Cherry. The Cherry site has 23 individuals with at least one preserved subscapularis
insertion (12 males, 9 females, 2 sex indeterminate). Of the twenty-one preserved left
arms, 28.57 percent (6/21) show pathological changes. In the sixteen preserved right
subscapularis footprints, 12.5 percent (2/16) have comparable damage. Statistical analysis
suggests that there is no side bias (p=0.2221) (Table 6).
Sex based data indicates that 27.3 percent (3/11) of left male humeri and 18.2
percent (2/11) of right male entheses have pathological damage. In comparison, 22.2
percent (2/9) of left female humeri display pathological changes to the subscapularis
insertion. All of the surviving right female humeri (0/4 enthesopathies) display normal
wear. As there is little difference between arms, all usable humeri were pooled by sex and
indicate that there is no dimorphism in the sample (p=0.4751). However, all results for
this site should be considered tentative as the sample, particularly segregated by sex, is
very small (Appendix A, Figure 6).
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Table 6. Total Humeri by Site with Entheseal Change. P-values Derived from One-tailed
Fisher's Exact Tests. * Unsexable Individuals Included
Insertion
Site
Total
Bilateral
Sex
Humeri*
differences differences
N
%
P-value
P-value
Subscapularis Eva
13/33
39.39
0.3360
0.4273
Cherry
8/37
21.62
0.2221
0.4751
Kays
14/3 3
42.42
0.4201
0.1216
Thompson 8/65
12.31
0.5544
0.0720
Supraspinatus Eva
5/29
17.24
0.6038
0.4520
Cherry
5/41
12.20
0.2221
0.2979
Kays
2/29
6.90
0.1921
0.1355
Thompson 8/65
12.31
0.5544
0.0583
Infraspinatus Eva
20/34
58.82
0.6178
0.2886
Cherry
16/41
39.02
0.2793
0.6042
Kays
10/32
31.25
0.1827
0.0029
Thompson 21/67
31.34
0.1659
0.2664

Kays Landing. The Kays Landing sample has a total of 21 separate individuals with at
least one preserved subscapularis footprint (13 male, 8 female, 0 sex indeterminate). Of
the sixteen preserved left arms, 37.5 percent (6/16) display pathological changes. From
the seventeen preserved right arms 47.1 percent (8/17) have enthesopathies. No side
based differences are present in the sample (p=0.4201) (Table 6).
Nine of the left humeri belong to males, 44.4 percent (4/9) of whom have
enthesopathies of the subscapularis. Only 28.6 percent (2/7) of left female humeri display
pathology. A majority (58.3 percent, 7/12) of right male subscapularis insertions has
pathological changes; this is not the case for female entheses, 20 percent (1/5) have
enthesopathies. Pooled sex data suggests that there are no sex biases in the Kays Landing
sample (p=0.1216). As with the Cherry sample, the results should be considered tentative
as the samples of males and females are very small (Appendix A, Table 6).

47

Thompson Village. At this Mississippian site, 54 separate individuals have a preserved
subscapularis footprint (17 males, 31 females, 6 sex indeterminate). Of the thirty-eight
left arms, 34.21 percent (25/38) have enthesopathies. Fifty percent (19/38) of the
preserved right humeri have pathological changes to the subscapularis insertion. Total
side data suggests that there is no evidence of side bias (p=0.1226) (Table 6).
Five left male humeri out of 13(38.5 percent) show evidence of enthesopathic
change. The prevalence among females is slightly lower at 28.6 percent (6/21). Males
exhibited a higher rate of entheseal damage in the right arm than in the left at 77.8
percent (7/9). Female rates were closer to those observed in the left arm at 36 percent
(9/25). Pooled sex data using a one-tailed Fisher's Exact test suggests that there were
nearly statistically significant sex differences (p=0.0720). Again, due to sampling error,
these statistical results are considered tentative. Further investigation of this data will be
undertaken in the analysis between temporal periods (Appendix A, Table 6).
Subsistence differences. The collapsed Archaic sample yielded a total of 103 humeri, 35
of which (34 percent) have pathological changes (Table 7). As seen with the individual
site data there are no differences between left and right (p=0.4680) nor are there
differences between the sexes (p=0.3341).
The Mississippian sample had a total of 76 humeri. Of these, 32 (42.1 percent)
have enthesopathies. The sample data is exclusively from Thompson Village. Although
no side difference are found for the sample, when the sides are separated a different
image appears. Left arm data does not indicate sex differences (p=0.4086). However, the
right arm displays statistical significance (p=0.0380) suggesting that there may be a side-
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based sex bias. In this case, males have higher rates of subscapularis enthesopathies in
their right arms than females do.
Comparisons between the Archaic and Mississippian samples indicate that there is
no difference between the time period in the prevalence of pathological EC at the
subscapularis (p=0.1700). Additionally, no temporal differences appear between the
sexes (male p=0.1079, female p=0.4721) (Table 7, Appendix B).

Table 7. Total Humeri by Period with Entheseal Change. P-values Derived from
One-tailed Fisher's Exact Tests * Unsexable Individuals Included
Insertion

Period

Total Humeri *
N
%

Subscapularis Archaic
Mississippian
Supraspinatus Archaic
Mississippian
Infraspinatus Archaic
Mississippian

35/103
32/76
12/99
8/65
46/107
21/67

33.98
42.11
12,12
12.31
42.99
31.34

Bilateral
differences
P-value

0.4680
0.5544
0.4237
0.5544
0.5520
0.1659

Sex differences
P-value

0.3341
0.0720
0.1832
0.0583
0.1226
0.2664

The Supraspinatus
Eva. The Eva site has 21 individuals with at least one preserved supraspinatus footprint
(7 male, 13 female, 1 sex indeterminate). Sixteen insertions were preserved from the left
side with 18.75 percent (3/16) of them showing pathological changes. Of the 13 surviving
right supraspinatus footprints 15.38 percent (2/13) display pathological change. It was
determined that there were no statistical differences between side (p=0.6038).
None of the male left arm entheses (0/8) display abnormal change. Forty percent,
(2/5) of the female left insertions have pathological changes on the entheseal surface
(Appendix A). For the right supraspinatus insertions, males again, have no pathological
damage (0/10) and in this case, neither did females (Table 6). Pooled sex data suggests
there are no sex-based differences (p=0.4520).
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Cherry. There are 26 burials from the Cherry site that had at least one humerus with
preserved supraspinatus entheses (13 male, 10 female, 3 sex indeterminate). Twenty-two
left humeri have preserved footprints; 9.1 percent (2/22) of these show enthesopathies. Of
the nineteen right humeri, 15.79 percent (3/19) have pathological changes. It was
determined that there are no statistically significant side differences (p=0.2221) (Table 6).
As seen in Eva, none of the male left humeri had pathological EC (0/11). Of the
female left humeri, 22.2 percent (2/9) have pathological changes to the supraspinatus.
From both sexes, 16.7 percent (2/12 males, 1/6 of females) have abnormal changes to the
entheses (Table 6, Appendix A). Pooled sex data determined that there are no differences
between the sexes (p=0.2979) (Table 6).
Kays Landing. The Kays Landing sample has 19 individuals with at least one preserved
supraspinatus footprint (11 Male, 8 female, 0 sex indeterminate). Thirteen individuals
preserved left insertions, 15.4 percent (2/13) of these individuals had pathological
changes to the surface and margins. Right humus data indicate 17 remaining entheses, 8
of which have pathological EC (47.1 percent). As with the other two Middle and Late
Archaic sites, there are no differences between left and right arms (p=0.1921) (Table 6).
Both instances of pathological change in the left supraspinatus insertions are in
females (40 percent, 2/5). None of the males (0/8) are affected by damage to the
insertion. Of the 16 preserved right footprints, there are no (0/16, 0/10 males, 0/6
females) pathological changes found. There are no discernible differences between the
sexes found with EC at the supraspinatus (Table 6, Appendix A).
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Thompson Village. At the Mississippian site, Thompson Village, 45 burials have at least
one preserved humerus with a supraspinatus footprint (12 male, 27 female, 6 sex
indeterminate). A total of 30 left footprints were preserved, 13.3 percent (4/30) of which
have enthesopathies. Similar to what is observed with left insertions, 11.4 percent (4/35)
of the right arms are found to have severe damage. Statistical analysis indicates bilateral
expression of the insertion (p=0.5544) (Table 6).
Thirty percent (3/10) of the left male insertions have pathological changes. None
of the left female humeri have any change (0/17). One male (out of 7) (14.3 percent) has
an enthesopathy of the right supraspinatus. Right female humeri display 8.7 percent
(2/23) severe changes. Statistical analysis suggests a near statistically significant bias
between the sexes (p=0.0583) which is similar to what was observed in the Thompson
Village sample for the subscapularis data. Again, this data may reflect sampling bias or it
could be an indication of sexually dimorphic behaviors related to subsistence strategies
(Table 6, Appendix A).
Subsistence differences. When the site data are collapsed, differences between some of
the individual sites disappear. Of the 99 total humeri recovered from the Archaic sample,
12.1 percent (12/99) have supraspinatus enthesopathies. A total of 13.7 percent (7/51) of
left supraspinatus insertions from the Middle and Late Archaic period sample have
pathological changes. Analogous damage could be found in 10.42 percent (5/48) of the
right entheses. The Archaic sample did not have any statistically significant differences
between the right and left arms (p=0.4237) (Table 7).
Although at individual sites females were observed to have higher rates of
pathological EC than males, when the data are collapsed, males in the Archaic were
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deemed to have similar rates of EC to females. In males, 32.1 percent (9/28) of left arms
and 26.3 percent of right (5/19) have enthesopathies. Female data indicate that 30.8
percent (8/26) of left arms and 35.8 percent (11/27) of right arms have similar
pathological change. Pooled sex data also indicate no sex-based differences within the
temporal frame despite the fact that females have a higher rate of entheseal change
(p=0.1832) (Table 7, Appendix B).
The Mississippian dataset is identical to that of Thompson Village. Pooled data
comparisons suggest no distinction between enthesopathies of the supraspinatus between
the Archaic and Mississippian (p=0.5773). Pooled sex data between the sites shows no
difference between the males (p=0.1002) or the females (p=0.1024) in either sample.
(Table 7).
The Infraspinatus
Eva. Eva has 23 burials were at least one infraspinatus footprint is found (7 male, 15
female, 1 sex indeterminate). Of the 20 preserved left arms, 30 percent (6/20) have
pathological change. Four out of the fourteen observed right humeri (28.57 percent)
display comparable damage. Further analyses of these data suggest that entheseal damage
is bilateral (p=0.6178) (Table 6).
Seven left male entheses were preserved. From these, only one (14.3 percent)
exhibit enthesopathies. This is a lower rate than that observed in the females which is
33.3 percent (4/12). Right arm data from the same sample suggests similar rates of
enthesopathies to that observed in the left. From these humeri, a quarter of the male
sample (1/4) and 30 percent (3/10) of the female sample have pathological damage to the
infraspinatus insertion (Appendix A). The lack of side differences allowed me to pool the
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sex data and analyze it based on total humeri. These data suggest that there are no sex
differences (p=0.2886).
Cherry. The Cherry site has 26 individuals with at least one preserved infraspinatus
footprint (13 male, 10 female, 3 sex indeterminate). Of the preserved left entheses, 45.5
percent (10/22) yield pathological changes. Right infraspinatus insertions indicate slightly
lower rates of enthesopathies at 31.6 percent (6/19). Statistical analysis proposes that
there are no differences in pathological change between the left and right side (p=
0.2793) (Table 6).
Eleven left entheses were preserved in males, four of whom (36.4 percent) have
enthesopathies. Right side data for males indicates analogous damage at 33.3 percent
(4/12). Female data show that 44.4 percent (4/9) of left s and 16.7 percent (1.16) of the
right insertions has enthesopathies (Appendix A). No sex-based differences are observed
on infraspinatus footprints in the Cherry sample (p=0.6042) (Table 6).
Kays Landing. Kays Landing yields 21 burials that have at least one preserved
infraspinatus footprint (12 male, 9 female, 0 sex indeterminate). Of the preserved left
footprints 20 percent (3/15) have pathological reactive change. Seventeen right humeri
preserved from the sample. Of these, 41.2 percent (7/17) have pathological changes to the
infraspinatus insertion. There is no statistical indication of there being a side bias
(p=0.1827).
Nine of the intact left infraspinatus insertions were male; 33.3 percent (3/9) have
pathological changes. Conversely, a majority of the right male humeri (63.6 percent,
4/11) have enthesopathies (Appendix A). None of the 6 left or 6 right female humeri,
have entheseal damage (Appendix A). Statistical analysis of the data suggests that there is
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a sex-based difference (p=0.0029) (Table 6). Only males exhibit enthesopathies. This is
different than what was observed in the other two Middle and Late Archaic samples.
Thompson Village. The Mississippian sample, Thompson Village has 48 surviving
infraspinatus footprints (12 male, 30 female, 6 sex indeterminate). Insertional data for
the preserved left entheses indicates that 24.24 percent (8/33) have pathologies. Likewise,
38.2 percent (13/34) of the right infraspinatus insertions from the Thompson Village
sample have enthesopathies. No side bias was observed (p=0.1659) (Table 6).
Few of males with intact left entheses exhibit enthesopathies at 9.1 percent (1/11)
of the sample. Six of nineteen females (31.6 percent) with left insertions exhibit similar
injuries. Infraspinatus insertional data for the right arm states that, 66.7 percent (4/6) of
males and 33.3 percent (8/24) of females exhibit pathological change (Appendix A).
Despite the trend toward right-sided pathologies in the males, statistical analysis indicates
no sex bias in the sample (p=0.2664) (Table 6).
Subsistence differences. Here is must be noted that variation between the Archaic sites
disappears when the sample is collapsed. The Middle and Late Archaic sample yielded 46
out of 107 (42.9 percent) total humeri with pathological changes to the infraspinatus
insertion. Left humeri from this sample had similar rates of pathology; 33.3 percent
(19/57) and 34 percent (17/50) respectively. No side differences are observed in the
Archaic sample (p=0.5520) (Table 7).
Archaic males express similar rates of enthesopathies to females. In males, 29.6
percent (8/27) of left infraspinatus insertions have EC where as 44.4 percent (12/27) of
right entheses have the same. Left humeri in the Archaic females have identical entheseal
data as their male counter parts. It is the right arm data which is substantially lower than
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that observed in either sample where only 18.2 percent (4/22) of infraspinatus insertions
have pathological changes. Using pooled data, no statistical sex differences are observed
either (p=0.1226) (Table 7, Appendix B).
As with the other entheseal points, the Mississippian period data comprises only
of the data gathered for Thompson Village. Infraspinatus enthesopathies are observed
bilaterally to occur at similar rates (p=0.1659). There are no observable sex differences in
the Mississippian sample (p=0.2664) (Table 7, Appendix B).
Middle and Late Archaic and the Mississippian data indicate that there are no
differences in pathological changes at the infraspinatus between subsistence strategies
(p=0.4426) (Table7). Additionally, no temporal differences between enthesopathies in
males (p=0.3945) nor are there in females (p=0.2656).
Teres Minor Rugosity
As no surface or marginal alterations (porosity, porosities, erosion, cavitations,
etc.) to the teres minor enthesis were observed, different procedures were taken to
measure stress at the insertion. The teres minor is observed as having differing levels of
rugosity (robusticity) (scores of N [none], I [incipient], and F [full] with respect to the
distinct shape changes of the insertion platform.
Eva. Nineteen individuals have at least one teres minor insertion preserved (4 male, 14
female, 1 sex indeterminate). Fifteen left arms are preserved, eleven of which (73.3
percent) of which were rugose. Eleven total right humeri with preserved teres minor
insertions were recovered in the Eva sample. No side-based differences are apparent
(p=0.1504).
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All of the males from this sample (3/3) have rugose attachment sites, although
only one individual have heavily altered margins. Left female insertions are more varied.
Although a majority of females have well delineated insertional margins (72.7 percent,
8/11), only half of those are particularly rugged (i.e. scores of F) (Table 8). Only 2 male
teres minor footprints preserved, both of which have well defined margins. One of these
is highly rugose (score F). Three out of the nine female teres minor entheses have
identifiable platforms, none of which are heavily modeled (score I). Differential sexual
expression was nearly statistically significant (p=0.0822) (Table 8). This may be the
result of dimorphic behaviors or sampling size error, which, with a small sample of males
is a reasonable explanation.

Table 8. Humeri with Rugose Teres Minor Insertions by Site * Unsexable Individuals
Included
Total humeri
%
Bilateral
Sex
with rugose
differences
differences
insertions*
P-value
P-value
N
Eva
16/26
61.54
0.1504
0.0822
Cherry

19/34

57.89

0.4841

0.5527

Kays Landing

19/23

82.61

0.2609

0.6482

Thompson
Village

42/47

89.36

0.1605

0.2706

Cherry. The Cherry sample yielded 24 separate burials with at least one preserved teres
minor enthesis (13 male, 9 female, 2 sex indeterminate). Half of the left arms (9/18) have
delineated margins. Right arm data indicate state that 10 individuals out of 16 preserved
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teres minor entheses (62.5 percent) had robust margins. Like Eva, the Cherry sample
indicates bilateral rugosity (p=4841) (Table 8).
Of the left teres minor entheses, four males, out of nine (44.4 percent) have
marked margins (i.e. incipient) none of which have particularly heavy bone growth (i.e.
full). Half of the females in left sample (4/8) have defined margins (I) with one individual
with rugose (F) insertional margins. In males, 70 percent of individual right insertions
(7/10) have defined margins (incipient and full). Sixty percent of females (3/5) with teres
minor insertions exhibit rugose entheses. One individual from each sexes has high
scoring (i.e. F) insertions. Pooled sex data indicates that there are no differences in the
exhibition of rugose teres minor insertions (either I or F) between males and females
(p=0.5527) (Table 8).
Kays Landing. The smallest sample, Kays Landing yields only 15 separate individuals
(10 males, 5 females, 0 sex indeterminate) with teres minor insertions. The sample has
the highest number of bilateral preservation with 8 individuals. Eleven left humeri were
preserved, 8 of which (72.5 percent) have defined entheseal margins (scores of I or F). A
majority, 91.67 percent, of right teres minor entheses (11/12) from the Kays landing
sample have rugose alterations (either I or F) to their entheseal surfaces. This is a much
higher rate than observed at the other Archaic samples. As with the other sites, there are
no statistically significant differences between left and right arm rugosity (p=0.2609)
(Table 8).
Five out of eight males with left teres minor insertions (62.5 percent) have rugose
margins with two individuals as fully developed (F) rugose entheseal surfaces. All of the
females in the left hand sample (3/3) display rugged insertional margins. Only one of
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these women has an F score. All of the right male humeri (8/8) have rugged insertional
growth (I or F). One of these males has F level remodeling to the margin. Seventy-five
percent of females (3/4) have similar marginal buttressing. None of the women have the
highest level of bone growth. Similar to the other two Archaic sites, no side or sex
differences are found using statistical analysis (p=0.6482) (Table 8).
Thompson Village. The largest of the samples, the Mississippian site, Thompson village,
yields 37 burials with at least one preserved teres minor insertion (9 males, 22 females, 4
sex indeterminate). All male humeri in the Thompson Village sample have rugose muscle
insertions (I or F). Twenty-three total left arms were recovered for the Thompson village
sample, nineteen of which (83.61 percent) have rugged insertional growth. This is a
higher rate than that observed at any of the Archaic sites. The right teres minor entheses
that were preserved are found at a similar rate to those observed at Kays Landing. In 95.8
percent of humeri (23/24), rugosity is observable. Statistical analysis indicates the
presence of bilateral rugosity (p=0.1605) (Table 8).
All of the males in the left side sample (7/7) have defined insertional margins (I or
F level). Two of these men preserved heavily altered (F score) footprints. Ten out of the
thirteen females (76.9 percent) have visible entheses. Five of these women have F level
insertional footprints. Every male with a preserved right humerus have a rugose enthesis
(Table 8). A majority of females in the sample, 94.1 percent, exhibit defined margins (I
or F); half of those women exhibit exuberant F level marginal buttressing (Table 8). The
analysis, using pooled sex data, indicates that there are no sex based differences in the
sample (p=0.2706).
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Subsistence differences. Teres minor insertional rugosity is relatively common in the
Middle and Late Archaic sample. Over half ( 54 / 83) of the total teres minor insertions
have either a partially (I) or fully formed (F) margins (65.1 percent). Bilateral expression
of insertional growth was apparent in the Archaic (p=0.3518). Sex based differences are
also not apparent in the Archaic (p=0.1722) (Table 9).
The Mississippian sample has a higher rate of well defined entheseal margins of
either partially (I) or fully formed (F) margins at 89.4 percent of all humeri (42/47). Side
and sex data is identical to that observed in the Thompson Village sample (Table 9).
Severity based investigations of teres minor rugosity (I versus F) by subsistence
strategy was undertaken. Statistical analysis suggests and overall difference between time
periods in the presence of rugose teres minor insertions (p=0.0017) (Table 10). Two
tailed 2X3 Fisher's exact tests show even more significant temporal differences when
severity was taken into account (p=0.0004). Similar patterns were observed between all
male and all female humeri (Table 10; Table 11).

Table 9. Humeri with Rugose (I and F) Teres Minor Insertions by Period.
* Unsexable Individuals Included
Total humeri
%
Bilateral
Sex
with rugose
differences
differences
insertions*
P-value
P-value
N
Archaic
54/83
65.06%
0.3518
0.1722
Mississippian
42/47
89.36
0.1605
0.2706

When the data are separated by side, a different picture emerges. None of the lefthand data indicated statistical significant differences between subsistence patterns in
either comparison between rugosity presence absence and when comparing levels of
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rugosity (I versus F)(Table 10, Table 11). Analysis of the right side indicates a statistical
difference between temporal periods. Sex based inquiry, however, shows differences in
stress between temporal periods. No statistical difference is observed between males of
either temporal data, but a distinct temporal difference in teres minor ruggedness in
females (both in rugosity absence/presence and in rugosity levels [N versus I versus F])
between the Middle and Late Archaic and the Mississippian in Table 10and Table 11.

Table 10. Fishers Exact Scores Comparing Teres Minor Rugosity Presence (N versus I
and F)
Left
Right
L+R
Male

0.0567

0.5632

0.0485

Female

0.4403

0.0047

0.0132

Total

0.0897

0.0056

0.0017

Table 11. Fishers Exact Scores Comparing Teres Minor Rugosity Development (N versus
I versus F)
Left
Right
L+R
Male

0.0879

0.2377

0.0394

Female

0.8255

0.0028

0.0185

Total

0.2374

0.0005

0.0004

Acromioclavicular Degenerative Joint Disease
This is an investigation of reactive change at two opposing joint surfaces, the
clavicular articular facet (clavicular facet) of the scapula and the acromial articular facet
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of the clavicle which comprise the acromioclavicular joint. At both facets a combination
of reactive change comprising pitting, osteophytic bone growth, deformation at both the
joint surface and margins were used to determine the presence or absence of pathological
joint degeneration.
Deterioration at the AC joint has been closely associated with subacromial
impingement, the primary pathology clinically identified in rotator cuff disease (Bigliani
and Levine, 1997; Frost and Anderson, 1997; Mall et al., 2013; Roberts et al., 2007).
Reactive change at the acromioclavicular joint may be the result of continuous abduction
or cross-body movement of the arm, especially in heavy load-bearing conditions.
Additionally (micro) trauma to the juncture of the upper limb to the axial skeleton or
directly to the clavicle may also result in degenerative changes to the joint surfaces.
The Clavicular Articular Facet
Reactive change at the clavicular articular facet was scored as present when at
least two-thirds of the joint surface was present. Joint surfaces were scored in accordance
with the DJD scoring methods in Chapter IV.
Eva. Twenty-four separate individuals preserved their acromion processes (7 males, 16
females, 1 sex indeterminate). From the 24 burials, 28 total acromia were preserved.
From these, 39.3 percent (11/28) of the clavicular facets have reactive change to the joint
surface. A total of 15 left clavicular facets were preserved, a third of which have reactive
change (5/15). Six right clavicular facets from the Eva sample from the 13 recovered
(46.15 percent, 6/13) display reactive change. Statistical analysis suggests bilateral
expression of reactive change (p=0.3800) (Table 12).
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Five of the fifteen surviving left acromia belonged to males. Two of these
individuals (40 percent) have degenerative change to the clavicular facet. Four male
acromia survived from the right side sample, half of which (2/4) have reactive changes to
the joint surface. Females comprise 10 of the surviving left clavicular facets. Thirty
percent of the acromia (3/10) have reactive change. Eight of the preserved right acromia
are female. Half of these facets (4/8) have degenerative changes. Statistical analysis of
sex differences indicates no sex bias (p=0.5512).
Although age was not investigated closely in this analysis, it is imperative to note
that none of the individuals in this sample are from the oldest age cohort indicating that
degenerative change occurred among mostly young individuals in the Eva sample. DJD is
seen as a progressive pathology with skeletal change beginning around middle age and
fully expressing at advanced age. The high rate of DJD in the young cohort indicates
heavy stress at a young age.

Table 12. Clavicular Facets with DJD by site. * Unsexable Individuals Included
Total clavicular
%
Bilateral
Sex
facets*
differences
differences
N
P-value
P-value
Eva
11/28
39.29
0.3800
0.5512
Cherry

0/32

0.0

1.0000

1.0000

Kays Landing

6/21

28.57

0.3673

0.3673

Thompson
Village

12/30

40

0.2452

0.3909
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Cherry. The Cherry sample yields 26 burials with at least one preserved acromion
process (12 male, 8 female, 1 sex indeterminate). No degenerative change is documented
in any of the 32 acromion processes in this sample (Table 12). This suggests that males
and females did not engage in strenuous enough activity to affect the clavicular facet of
the acromion process (Table 12).
Kays Landing. Fifteen individuals preserved at least one acromion (8 male, 7 female, 1
sex indeterminate). Although the sample is small, 21 total acromion processes with
clavicular facets were recovered. Six of these 21 joint surfaces (28.6 percent) express
erosion. Twenty percent (2/10) of left and 36.4 percent (4/11) of right clavicular facets
have degenerative changes. Further analysis indicates bilateral expression of reactive
changes (p=0.3673).
Two out of five (40 percent) of the male left scapulae have reactive modifications
to the clavicular facets. Similarly, 33.3 percent of right male acromia exhibit degenerative
change. None of the female left clavicular facets (0/5) have damage. Right clavicle data
is similar to that observed in the rest of the sample where 40 percent of the clavicles (2/5)
display reactive modifications. Statistical analysis of the sex data indicates no difference
in degenerative change between males and females (p=0.3673) (Table 12).
Thompson village. The Mississippian sample has twenty-four separate burials with at
least one preserved clavicular facet (9 males, 13 females, 2 sex indeterminate). Thirty
total acromia were recovered from the sample. Forty percent of the clavicular facets have
joint erosion (12/30) Nineteen intact left acromia were excavated, 47.4 percent (9/19) of
them have degenerative modifications. Three out of the eleven (27.3 percent) right
humeri have similar skeletal changes. No side differences are found (p=0.2452).
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Males comprised 8 out of the 19 left acromia. Of these, 5 (62.5 percent) have
degenerative changes to the clavicular articular facet. Only four of the right acromia are
male, individual has joint damage. In females, forty percent of the left and one-third (2/6)
of the right-hand acromial sample have degeneration. Analysis of pooled sex data
indicates no difference in the expression of reactive changes (p=0.3909) (Table 12).
Subsistence differences. Thirty percent of the Middle and Late Archaic sample (17/81 of
the total preserved acromia) have degenerative change to the clavicular facet have DJD.
Seven, out of the 43 available left clavicular facets (16.3 percent) have reactive damage.
Similar changes were observed in the right side data, where 26.3 percent (10/38) of the
facets. Bilateral expressions of reactive change was present within the Archaic
(p=0.2022). Additional analysis indicates similar appearance of degenerative change
between the sexes within the Archaic (p=0.2452) (Table 13).
Total acromial data from the Mississippian sample indicates a higher rate of
reactive change to the clavicular facet (40 percent) than that observed in the Middle and
Late Archaic. No side (p=0.2452) or sex (p=0.3909) bias are observed within the sample
(Table 13).
When total acromial data was pooled and compared, a significant difference
becomes apparent in the presence/ absence of reactive changes to the clavicular facet
between the Archaic and Mississippian (p=0.0397) with the agricultural group displaying
higher rates of DJD than the hunter-gatherers. This is similar to what is observed in the
rates of teres minor rugosity between samples. When compared, the total left side data
indicates a statistically significant difference between the Archaic and the Mississippian
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sample (p=0.0132). This difference is not observed in the collective right side acromial
data (p=0.4839).
There is a very nearly statistically significant difference in the expression of
degenerative change in males between temporal samples (p=0.0604). Further analysis of
the male sample indicates a difference in degenerative change of the left acromia between
temporal period (p=0.0374). No differences are observed in the right acromia between
subsistence strategies (0.6959). Data suggests that there is a higher rate of DJD in the
Mississippian. This may be because the Mississippian sample was so small. There are no
statistical differences between the females in either subsistence strategy (p=0.1925). No
differences are observed in the expression of reactive change in either side (left
p=0.1148, right p=0.6506).

Table 13. Clavicular Facets with DJD by Period. * Unsexable Individuals Included
Total Clavicular
%
Bilateral
Sex differences
facets*
differences
P-value
N
P-value
Archaic
17/81
20.99
0.2022
0.5707
Mississippian
12/30
40
0.2452
0.3909

The Acromial Articular Facet of the Clavicle
Reactive change at the acromial articular facet was scored as present when at least
two-thirds of the joint surface was present. They were scored in accordance with the DJD
scoring methods in Chapter IV.
Eva. Twenty-seven unique burials were recovered with at least one clavicle with a
preserved acromial articular facet (acromial facet) from Eva (7 male, 17 female, 3 sex
indeterminate). Thirty-eight total clavicles were recovered from the site. Thirteen of these
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clavicles (34.2 percent) display degenerative erosion. Twenty left clavicles were
preserved, 8 of which (40 percent) have quantifiable change to the joint surface.
Conversely, 5 out of the 18 preserved right clavicles (27.8 percent) display degenerative
change (Table 14). No bilateral bias is observed within the sample (p=0.3273) (Table 14).
Males preserved seven left acromial facets, three of which (42.9 percent) display
reactive changes. In addition, they preserved 5 right clavicles two of which have
degeneration (40 percent). Females exhibit slightly lower rates of joint erosion with four
out of eleven left acromial facets( 36.4 percent) and three out of eleven right clavicles
(27.3 percent) demonstrating reactive change (Table 14). No sex differences are apparent
within the sample (p=0.4173) (Table 14).

Table 14. Acromial Facets with DJD by Site . * Unsexable Individuals Included
Total clavicular
%
Bilateral
Sex
facets*
differences
differences
N
P-value
P-value
Eva
13/38
34.21
0.3273
0.4173
Cherry

15/36

41.67

0.1957

0.5602

Kays Landing

20/32

62.5

0.6072

0.2500

Thompson
Village

27/52

51.92

0.0805

0.5000

Cherry. The sample yielded 24 individuals that preserved at least one clavicle with an
intact acromial articular facet (12 male, 10 female, 2 sex indeterminate). The sample is
comprised of 36 humeri, 41.7 percent of the total sample (15/36) has joint erosion. A total
of 21 left clavicles were recovered in the Cherry sample. One-third of the sample (7/21)
has the scoreable reactive changes to the acromial facet. Eight out of the surviving 15
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right clavicles (53.3 percent) have similar change (Table 14). Although it seems that the
right side have substantially more degenerative change, statistical analysis indicates there
is no side bias (p=0.5602) (Table 14).
From the 21 total left arms recovered from Cherry, 10 belonged to males. Thirty
percent (3/10) of the left male clavicles have reactive changes. Nine of the remaining left
clavicles are noted to belong to female burials. Similar to the males 33.3 percent (3/9) of
the acromial facets have reactive changes. Right clavicle data displays slightly higher
rates of degeneration in both sex samples. Of the right male acromial facets, 62.5 percent
(5/8) have joint modification. Female data from the right side, 42.3 percent (33/7) of
clavicles have comparable alterations. No sex bias is observed within the sample
(p=0.5602).
Kays Landing. Twenty-three individuals with at least one acromial facet of the clavicle
preserved were recovered from the Kays Landing sample (14 male, 8 female, 1 sex
indeterminate). The 23 burials yielded a total of 32 clavicles, 62.5 percent (20/32) of
which have joint degeneration (Table 14). Nineteen left clavicles with acromial facets
were excavated from the sample. Twelve individuals, of the nineteen (63.2 percent),
exhibit reactive joint changes. Similarly, 8 out of the thirteen right clavicles (61.5
percent) display similar erosion. No side bias is observed in the sample (p=0.6072)
(Table 14).
Left clavicle data, when examined by sex, indicated that 66.7 percent of both male
and female samples (8/12 and 4/6 respectively) have degenerative changes. Right side
data is a bit more varied. Seventy-five percent of the male right clavicles (6/8) and a
quarter of female clavicles (1/4) have this level of change to the acromial joint surface
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Analysis of pooled sex data indicated there are no differences in DJD expression between
the sexes (p=0.2500) (Table 14).
Thompson Village. The Mississippian sample yielded 34 burials with at least one
preserved acromial facets (13 male, 19 female, 2 sex indeterminate). Fifty-two total
clavicles were recovered from Thompson Village. Twenty-seven of these clavicles (51.9
percent) display reactive change (Table 14). Sixty-four percent of the left clavicles
(16/25) have this change to the joint surface. Total right-hand data indicates 40.7 percent
of the sample (11.27) has similar modifications. A near statistically significant side bias
is observed in the sample (p=0.0805) with a higher rate of reactive change in the left
clavicle (Table 14).
Eleven of the left clavicles preserved in the sample were sexed as male. Six of
these clavicles (54.6 percent) have degenerative changes. Only 40 percent (4/10) of the
left male clavicles have comparable damage. Female data suggests a high rate of damage
for the left hand data at 71.4 percent of clavicles (10/14). In contrast, only one-third
(5/13) of the right female clavicles have reactive change to the acromial facet. Despite
these differences, no sex bias is observed within the Thompson Village sample
(p=0.5000).
Subsistence differences. One-hundred and six clavicles, from 74 individuals were
recovered from the Middle and Late Archaic sample. Forty-eight acromial facets (45.3
percent) have reactive degeneration. Forty-five percent of the left clavicles (27/60) and
45.7 percent of the right clavicles (21/46) exhibit joint erosion (Table 15). Again, no side
bias in presence is observed (p=0.5513) (Table15).
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Additional analysis of the Archaic data indicates a 90 percent confidence level
statistically significant difference between the sexes (p=0.0753) (Table 15). Looking into
this further, left-hand data indicates no statistical bias between the sexes (p=0.4318),
however, a bias was observed in the right clavicular data (p=0.0468). Males and females
displayed similar rates of degeneration in the left clavicle. However, right acromial facet
data indicates males have a higher rate of erosion (Table 15).
Mississippian data is identical to that gathered for Thompson Village. The sample
yields a slightly higher rate of joint reactive change to the total acromial facets (Table
15). The near statistically significant side bias in the sample (p=0.0805) warrants further
analysis. To do this, side differences are examined within sex cohorts. No side bias is
observed within the male sample (p=0.4100), yet, is noticeable within the female sample
(p=0.0457). The female data indicate higher rates of degeneration in the left clavicle
(Table 15).
Pooled acromial data indicates no difference in reactive change of the acromial
articular facet between subsistence strategies (p=0.2689). When compared by sex, males
do not show any statistical difference between periods (p=0.4841) nor are there temporal
difference between females (p=0.1624).

Table 15. Acromial Facets with DJD by Period. * Unsexable Individuals Included
Total
%
Bilateral
Sex
Acromial
differences
differences
facets*
P-value
P-value
N
Archaic
48/106
45.28
0.5513
0.0753
Mississippian
27/52
51.92
0.0805
0.5000
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Skeletal Robusticity
This limited investigation of skeletal robusticity provides a precursory look at the
possible changes observed between the Middle and Late Archaic and the Mississippian
periods. The data samples are only represented by two sites, Kays Landing and
Thompson Village.
Kays Landing. Previous data has suggests that Kays Landing may be a bit of an outlier
in terms of mechanical stress within the Archaic. In many cases the skeletal change
observed in this sample were more similar to that of the Mississippian site than to the
other Archaic site within the sample. Yet, Kays Landing still represents a hunter-gatherer
life style. Fourteen unique individuals preserved at least one measurable humerus within
the sample (8 male, 6 female and 0 sex indeterminate).
The entire sample yielded a total of 18 measurable humeri. The mean robusticity
of the total Kays Landing sample was 11.47. The data suggest that right and left
robusticity is relatively symmetrical with right arms being slightly larger than the left
(Table 16).
When divided by sex, males are observed to have higher skeletal robusticity than
females. There is, however, no great indication of sexual dimorphism in overall
robusticity. The sample may be biased because only two measurable left humeri were
observed in the female sample. This may also be an indication of side bias, but as neither
of these individuals possesses corresponding right humeri it is difficult to tell.
Of note, the smallest robusticity score in the sample was the right humerus of a
young female (9.97), Burial 57. No health data is known about her other than the fact that
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she did not display any degenerative changes to her enthesis. It is known that she engaged
in some heavy manual labor because rugose buildup was observed at the corresponding
teres minor insertion.
In the three males where both right and left humeri were measurable, there does
not seem to be a significant side bias; further corroborating the overall data.

Male
Female
Total

Table 16. Mean Robusticity at Kays Landing
Left
Right
11.99
11.72
10.39
11.63
11.23
11.71

Total
11.86
11.01
11.47

Thompson Village. Robusticity data was gathered for 15 individuals in the sample (7
male, 6 female, 2 sex indeterminate). Measurements were not taken for all eligible
humeri. Nineteen total humeri were measured for this assessment. The average
robusticity for the humeri of Thompson Village is 12.4. A side bias is apparent within the
sample where right humeri are generally more robust than the left (Table 17).
Sex data suggest that unlike the Archaic, Mississippian females have slightly
more robust humeri than males. There is a possibility that this difference is related to
sampling error as there were only two right humeri preserved by males. This may also
indicate that females were placed under higher physical stressors proportionally to males
during development. The measurement data for females may also be skewed by a single,
particularly robust individual. The left arm of that woman, Burial 36, was at the high end
of robusticity measurements (13.71) and her right arm has the highest robusticity score
(14.61) expressed for the right-hand data.
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Table 17. Mean Robusticity at Thompson Village
Left
Right
Male
12.56
12.89
Female
12.74
13.06
Total
11.99
12.89

Total
12.72
12.90
12.44

Subsistence differences. The data indicate that between the two samples, the
Mississippian sample has higher scores, on average, of skeletal robusticity. Additionally,
both samples indicate a slight right-hand bias in robusticity which may be linked to
handedness, although none of the other stress indicators indicate that handedness is an
important stress factor in any of the samples (Table 16, Table 17).
Finally, males in the Archaic sample have higher robusticity scores than females
where as males from the Mississippian were less robust than females. This is an
interesting difference suggesting a shift in workload for males and females.
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CHAPTER VI
DISCUSSION

The results in the previous chapter provide a number of conclusions regarding
mechanical stress in Pre-Columbian upper west-central Tennessee. Geographical and
temporal differences in stress expression were apparent. Conclusions are limited in scope
because of sample bias both in absolute number of cases within each site as well as the
very few individuals who preserved more than one bone (acromion process, clavicle,
proximal humerus). Complete rotator cuff osteobiographies were rare and did not
contribute to the subsistence based study attempted here. The use of a singular
Mississippian site in the study sample skews differences towards site-specific
musculoskeletal change. However, extremely poor preservation precluded the use of the
few other samples from this geographic area and time period. Nevertheless, site, and
subsistence based trends are evident.
The prevalence of stress related musculoskeletal change was observed to be
relatively ubiquitous within all samples. However, the locations of degeneration and the
demography of those afflicted by degenerative change differ from site to site. Sex data
was evaluated at each site to determine if there was intra-site differences observed.
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Intra-site Differences
Eva. Compared to the other sites within this investigation, Eva had a very high rate of
young interments relative to middle age burials. No advanced age individuals were
recovered. It is rare for individuals within this sample to have severe entheseal change.
In all cases, EC expresses bilaterally suggesting that the mechanical stress endured
involved behaviors using both arms. There were no remarkable instances of EC of the
supraspinatus. Females had a higher rate of enthesopathies in the subscapularis (rotates
the humerus medially and is important in cross-body movements) but this was most
likely because the male sample was small. The subscapularis is the most powerful muscle
of the rotator cuff and hypertrophy of the insertions suggests females were engaged in
behavior that tended toward medial (cross-body) rotation of the shoulder.
Eva had the highest overall rate of EC at the infraspinatus insertion of all of the
samples (58.8 percent). In the same vein, all males had rugose teres minor insertions (I or
F level rugosity). The infraspinatus, along with the teres minor, is responsible for the
external rotation and extension of the arm. This suggests that individuals at the Eva site,
particularly males, were engaged in behaviors that involved the arms being positioned
behind the back.
To continue the previous theme, Eva was the only Archaic site to exhibit near
statistical significance (90 percent confidence level) in dimorphic expression of teres
minor rugosity (p=0.0822). As noted above, the teres minor muscle, paired with the
infraspinatus, is responsible for the external rotation and extension of the arm. This may
be indicative of inherent sexual division of labor or sampling error. In this instance, the
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latter seems to be the more likely explanation as the male sample recovered from Eva
was extraordinarily small (4 males).
Degenerative joint disease at the AC joint was rare in Eva. It was apparent to
occur at relatively the same rate in right and left arms which coincides with the EC data.
Males had higher rates of DJD in the acromial facet than females did, but nothing
appeared significant. As males had rugose (I or F) teres minors and higher rates of
reactive change, a common denominator in causative behaviors may be present.
There was a high level of bias of young burials within the sample. There were
issues with the age scale utilized in this study. The wide range in age-at-death groups
may have skewed the data so that individuals that may normally be aged in a more
advanced were placed within the younger cohort. However, the patterns exhibited at Eva
may indeed reflect the young age-at-death.
In addition to methodological issues, the age bias could reflect frailty within the
Eva sample. The osteological paradox (Wood et al., 1992) states that individuals within a
community vary in frailty and those who succumb to disease may not display as such on
the skeleton. This might suggest that the young did not simply reflect fewer years of
labor, but the les capable (frail) demographic.
Cherry. The Cherry sample included a similar age distribution as Eva with a high rate
of young individuals in comparison to the middle age cohort. And again, there were no
advanced age individuals. As with Eva, all indicators of mechanical stress expressed
bilaterally suggesting that all intensive labor involved the use of both arms. The
expression of enthesopathies within this sample may have been biased due to small
sample size. Female right humeri did not express any enthesopathy for the subscapularis.
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Although this result is most likely the consequence of small sample size, it may also be
indicative that females did not engage in behaviors that required cross-body movements
of the humerus.
Although enthesopathies of the supraspinatus are universally rare within the
Archaic, this was the only insertion in the Cherry sample where none were observed.
None of the left male supraspinatus insertions had enthesopathies. The supraspinatus is
responsible for arm abduction at the shoulder, and the low rates of pathological EC at this
insertion indicate that few people were engaged in behaviors that required lifting the arm
away from the body, at least to the degree where it would cause tissue damage.
There were low rates EC at the infraspinatus insertions in the sample; the Cherry
sample even had the lowest rate of insertional rugosity (I or F) at the teres minor
insertion. Additionally, there were no differences in teres minor rugosity by sex or side.
This suggests that individuals in the sample did not heavily engage in behaviors that
required the extension and external rotation of the arm.
Furthermore, there was very low rates of DJD observed at Cherry. None was seen
on the clavicular facet and low occurrence was witnessed at the acromial facet. The
overall low occurrence of degeneration within Cherry seems to indicate that the people
within the sample were not subject to high rates of mechanical stress.
Kays Landing. Similar to the Cherry sample, Kays Landing had a much higher rate of
middle age individuals than any of the other age cohorts. Additionally, it is the only
sample from the temporal period that had any advanced-age individuals.
Perhaps the larger older age cohort reflects longer individual work histories and
may partially explain why Kays Landing was the only sample to display statistical
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significance in EC by sex (p=0.0029). Males expressed higher rates of pathologies of the
infraspinatus than females suggesting that they were engaging in behaviors where the
upper limb is rotated away from and/or behind the body than females. Additionally,
males had higher rates of enthesopathies than females in the subscapularis (internal
rotation), although this was not quite statistically significant. Again, injury to the
supraspinatus (arm abduction) was rare throughout the Archaic and was barely
represented (in only two females) within the sample.
The sex differences in rates of the enthesopathies are dissimilar to what was
observed at the other Middle and Late Archaic sites may suggest a geographic or site
based variation in male and female behavior. Geographic variation was suggested
because Kays Landing is located further north along the Tennessee River than its
contemporaries utilized in this study. It has also been assigned to a slightly later Archaic
phase than the other two Archaic sites which may reflect a unique subsistence/settlement
pattern.
The postures associated with these differences indicate that males were engaging
in intensive behaviors involving the subscapularis (lifting) and the infraspinatus (rotation
away from and behind the body).
In addition to the higher rates of EC in males, Kays Landing had the highest rate
of reactive change at the AC joint of all the sites. Individuals at Kays Landing had higher
occurrences of reactive change of the acromial articular facet. No sex differences in
degeneration were statistically observed, but females did not have the change on the left
at the clavicular facet. When compared to the other Archaic sites. It has a significantly
higher occurrence of DJD. This again makes Kays Landing an outlier in the Middle and
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Late Archaic Sample. This may reflect the age at death distribution or suggest the
individuals within the Kays Landing sample engaged in particular heavy lifting and/or
postures that placed high stress upon the joint similar to the pressure exerted by, for
example, a cross-shoulder tumpline.
Thompson Village. Thompson Village sample generally displayed more sex-based
modifications than any of the Middle and Late Archaic sites. Thompson village expressed
near statistical significance in sex-based entheseal damage to the supraspinatus
(p=0.0583) and subscapularis (p=0.0720). In both cases, males expressed higher rates of
insertional damage than females. This suggests that males were engaged in heavier
cross-body arm movements as well as arm elevation in comparison to females. This
information of implied greater work load is an interesting adjunct to consistent research
that indicates a decline in overall health after the adoption of agriculture in the Americas
(Bridges, 1989; Cook, 1979; Lambert, 2009; Larson, 1995; Lukacs, 2008; Powell, 1988,
Schoeninger, 2009). However, sampling error may have contributed to the statistical
results due to inconsistent sample recovery.
The infraspinatus EC observed was observed at similar rates to that in the
Archaic. Yet, all males and most females had rugose (I and F) teres minor insertions
indicating a much higher mechanical stress level than that observed than any of the other
sites in the study. This seemingly conflicting data may suggest that although the
individuals within the Thompson Village sample were engaged in long-term heavy
muscle use which led to high teres minor rugosity, the behaviors that they were engaged
in did not lead to higher rates of entheseal trauma.
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The DJD data from Thompson Village suggest that there were no sex differences
in the expression of rotator cuff degeneration. Any apparent side differences can be
attributed to sampling error as left hand data preserved at higher rates than right side data.
Patterns of Rotator Cuff Disease
This study of mechanical stress, identified clinically as aspects of rotator cuff
disease, examined two primary facets of osteological change entheseal change as an
indicator of soft-tissue stress, and degenerative joint disease which is often the result of
tissue damage.
Entheseal Change at the Rotator Cuff
The investigation of entheseal change within the western Tennessee sample
indicates that there are generally no intra-site biases in insertional degeneration, these
include bilateral expression of enthesopathies and sexual bias in osteological
modification.
There is no indication of hand-biased entheseal change. All sites, at all insertions,
expressed non-statistically significant results. This suggests that the majority of behaviors
which would induce RCD were bilateral or had equal chance of affecting the left and
right arms. Hand dominance, it appears, was not a factor in behaviors that would affect
rotator cuff degeneration.
The data have suggested that there are site based differences of pathological EC.
The Eva and Cherry sites, which are located in close proximity to one another display
similar rates of pathological change to all entheseal insertions and neither express any sex
or side based differences. Kays Landing seems to be an outlier site from the Middle and
Late Archaic sites as sex based differences were observed in pathological changes to the
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infraspinatus. Women expressed hypertrophy (i.e. no serious damage) to the region
whereas half of the male humeri expressed pathological level changes.
Degenerative Joint Disease of the Acromioclavicular Joint
No intra-site differences in reactive change were apparent within any of the
sample sites. This indicates that there were few differences in bilateral expression of
degenerative joint disease in either the clavicular or acromial facets. Additionally, no sex
based differences in degeneration were observed within any of the samples.
Interestingly, a high rate of young individuals at the Eva site had joint
remodeling. DJD is seen as a progressive pathology with skeletal change beginning
around middle age and fully expressing at advanced age. The high rate of DJD in the
young cohort indicates heavy stress at a young age. This may be partially explained by
the high rate of young individuals within the sample, but the wide-ranging expression of
DJD within the cohort is not fully explained by this reasoning.
The data suggest that there are few inter-site based differences in the expression
this of DJD between Eva, Kays Landing and Thompson Village. All three sites express
similar rates of DJD at the clavicular facet. Cherry is an outlier in that none of the sample
exhibited reactive change to that joint surface. This may be indicative of different
behaviors or different cultural behaviors relative to mechanical stress. This could negate
the use of a cross-body tumpline for burden bearing or perhaps rule out activities
requiring heavily loaded arm abduction (which is reflected in low rates of supraspinatus
enthesopathies). This is a particularly interesting finding because a majority of the sample
fell within the middle age cohort. In contrast, Eva had a high occurrence of young
individuals, many of which exhibited degenerative modifications.
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All of the sites exhibit DJD at the acromial facet. No evidence has been found by
this author that indicates why there is differential degeneration between the acromial
facet and the clavicular facet. It seems that the differences between the two facets
represent normal variation in reactive change to the AC joint.
What is interesting is that Kays Landing had the highest rate of degeneration of all
the sites. High occurrence of reactive change may reflect the middle age bias within the
sample as well as the presence of advanced age individuals. As the site had the lowest
rate of enthesopathies to the supraspinatus, the reactive change to the acromioclavicular
joint may indicate high levels of trauma placed directly on the joint (as with a cross-body
tumpline). This again is different to what was observed in the other Middle and Late
Archaic samples, making Kays Landing a behavioral outlier.
Skeletal Robusticity
Not much can be said with the limited analysis conducted on skeletal robusticity.
As noted in the Chapter V, both males and females presented similar robusticity scores
all centering around the site average of 11.47. Similarly, males and females at Thompson
village exhibited similarly robust scores around the site average of 12.44. Females did
overall exhibit slightly higher robusticity scores in the right arm, but the difference was
not significant. Additionally, many individuals who fell low on the robusticity index were
not sexed, so vulnerability within the sample could not be assessed other than to say that
there were some weak individuals at the site.
Subsistence-based Differences in Mechanical Stress
Site based differences seem to disappear when data sets are collapsed into
subsistence and settlement based temporal periods. This is seen when Kays Landing was

81

combined with Eva and Cherry to create the "Archaic" temporal category. The data
overall conform what was observed at Eva and Cherry suggesting that that was the
general trend represented in the Archaic sample. Regretfully, Thompson Village was the
only Mississippian site represented in the sample, as the other agriculturalist samples
from the period yielded insufficient data. Thus temporal comparisons may be biased to
reflect idiosyncrasies within the Thompson Village sample and not the entirety of the
Mississippian period in upper west-central Tennessee.
Entheseal Change at the Rotator Cuff
Analysis within each subsistence strategy indicates that there were no sex-based
differences of pathological entheseal change within either the hunter-gatherer Archaic
sample or the agricultural Mississippian sample. Also, all degeneration was observed to
manifest bilaterally. This again indicates no hand favoring in either subsistence based
sample. These changes include insert degeneration and entheseal rugosity. There were no
sex or side differences identified within the Archaic sample.
As seen previously, near statistical significance was observed in the
Mississippian sample at both the Supraspinatus and Subscapularis where it was not in the
Archaic. Again, this may reflect site-specific degeneration at Thompson Village or may
represent standard Mississippian degenerative change.
The near statistical significant sex difference found within the supraspinatus data
(p=0.0720) within the Mississippian sample was investigated and revealed that there was
a side and sex related bias within the sample. It was found that males have higher rates of
subscapularis enthesopathies in the right arm than females. This may suggest sampling
bias, or more likely sexually dimorphic behaviors within the sample which has been

82

found consistently within other Mississippian samples (Bridges, 1989; Buikstra and
Milner, 1991; Larsen, 1995; Lucacs, 2008; Powell, 1988).
Along this vein, near statistically significant results were found when comparing
supraspinatus enthesopathies between the sexes within the Mississippian sample. As with
right subscapularis EC, males exhibited higher rates of modification than females.
Increased damage at the subscapularis indicates heavy use or trauma induced by crossbody rotation, extension, and adduction (downward movement) of the shoulder. Damage
to the supraspinatus indicates excessive or traumatic arm abduction. Other indications of
heavy use in the sample include probable cases of os acromiale and side asymmetry.
There are, however, are no indications of humeral impingement (Bigliani and Levine,
1997; Frost and Anderson, 1997: Miles, 1996, 1999, 2000; Roberts et al., 2007).
Unilateral damage would be more indicative of hunting activities (bow hunting,
spear, etc.), but as damage is bilateral these are not likely causes of skeletal trauma.
Damage to the subscapularis and supraspinatus may have a number of causes the most
likely are linked to burden bearing and subsistence activities. It may be suggested that
damage to these regions, along with the bilateral expression of reactive changes to the
acromioclavicular joint, may indicate increased canoe or kayak paddling (Hawkey and
Merbs, 1995; Kennedy, 1989; Merbs, 1983; Molnar, 2006).
Analysis comparing temporal periods indicate there were no differences in
enthesopathies that were identified between subsistence strategies; however, there was a
difference in the expression of rugose teres minor entheses between subsistence strategies
(p=0.0017). Interestingly, no temporal differences were evident in the left side data
where there is a statistical difference in the right hand data. This could be an indication of
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differential use in right arms (possibly indicating handedness). There were no statistical
differences between time periods in the male sample indicating that males persist at the
same level of upper limb stress between temporal periods. Females, on the other hand
seem to see an increase in stress during the Mississippian period.
Differences in entheseal rugosity but not in enthesopathies indicate that high
muscle use was employed. However, the stress to the structure did not surpass the load
that the bone-soft tissue connection could endure. Higher rates of entheseal rugosity and,
pathological EC at the subscapularis (with no difference in the occurrence of
enthesopathy at the supraspinatus) in the agricultural sample indicate heavier overall
muscle use than that observed in the hunter-gatherer sample.
The only time the hunter-gatherer sample had a higher rate of enthesopathy was in
injury to the infraspinatus. This may indicate that archaic peoples engaged in behaviors
that required the external rotation and extension of the humerus (putting the arm behind
the back) after the setting of entheses around puberty. This is suggested because there
were lower rates of entheseal rugosity at the teres minor, but high rates of pathological
EC at the infraspinatus. As these muscles work together in all behaviors, an association to
osteological change at these points must be made.
Degenerative Joint Disease of the Acromioclavicular Joint
When all of the site data for the Archaic sample is combined, no sex or side biases
observed in reactive change on the clavicular facet of the acromion process. Damage at
the acromioclavicular joint is traditionally associated with subacromial impingement
syndrome, burden bearing (e.g. weightlifting) and heavy shoulder use (Bigliani and
Levine, 1997; Mall et al., 2013; Roberts et al., 2007). The postural behaviors most likely
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to affect this joint would be the repetitive abduction of the arm with heavy loading and
prolonged trauma directly upon the clavicle. One of the associated behaviors may the use
of a tumpline or strap across the shoulder which would place direct pressure on the
clavicle.
Within the Mississippian sample, there were no sex or side biases observed in the
degenerative change to the clavicular facet of the acromion process which would be
indicative of sexually dimorphic behaviors or unilateral loading of the joint. As with the
Archaic, a near statistically significant bias was found within the sample. However, this
bias was observed in side and not sex. Yet, further analyses of the data suggest that there
is a sex bias within the side bias. Males were found to express reactive change bilaterally
where as females did not. Females were found to have higher rates of modification in the
left clavicle. This may suggest that females are straining their left sides more than the
right in the Mississippian, however, equally likely, is sampling bias.
There was a difference in the expression of DJD to the clavicular facet between
subsistence strategies. This is similar to what was observed in the rates of teres minor
rugosity between temporal samples. This is consistent between the sexes where males
from both time periods expressed near statistical differences and females had statistically
significant differences between time periods. This indicates higher stress from the
Archaic to the Mississippian.
There is a significant temporal disparity in the expression of joint degeneration at
the clavicular facet of the acromion process (p=0.0397). This difference becomes more
significant when side is accounted for. Interestingly, this difference, when further
examined, was only apparent in the left hand data. This difference was most likely due to
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sampling error as the left side sample was more substantial than that available for the
right side. This is different than what was observed for the degeneration of the acromial
facet of the clavicle. Should the cause of this degeneration have been the use of crossshoulder tumplines, it stands to reason that the Mississippian sample employed them to
either transport heavier loads, or utilizing them at higher rates than that observed in the
Archaic sample. This may be consistent with the increased labor associated with
sedentary agriculturalist cultures.
There were no significant differences in DJD at the clavicular facet observed
between subsistence strategies. Yet there were differences in the expression of
degeneration at the acromial facet. It could be proposed that this is linked with the
application of force to the clavicles associated with carrying heavy loads in both hands
(Kennedy, 1989). Differential reactive change at either articulation represents typical
variation in joint wear.
Less than half of the acromial articular facets examined from the Archaic sample
did not display reactive change. Within the hunter-gatherer sample, these changes
appeared bilaterally. A near statistically significant difference in acromial facet DJD was
observed between the sexes which were not viewed in any individual sample (p=0.0753).
Additional analysis of these data indicates that the differences were observed in the right
clavicles but not the left. In this case, male right Males were observed to have a higher
rate of joint erosion at the clavicle than females. This may be indicative of sexually
dimorphic behaviors where males experienced higher stress to their clavicles, possibly
due to carrying heavier loads than females utilizing cross-shoulder tumplines.
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Over half of the acromial facets observed in the Mississippian sample had reactive
change. No statistically significant side or sex data were observed in this sample. There
was a near statistically significant difference in side expression (p=0.0805). When this
side difference was examined by sex, a difference was found within the female sample.
This could be the result of sampling error, or perhaps it is indicative on increased stress
being placed on female left clavicles. As this pattern was not observed in the Clavicular
articular facet of the acromion it may be construed that these differences were due to
sample recovery.
When examined by sex, statistical data suggested a very nearly statistical
temporal difference between males of the Archaic and Mississippian. Males have higher
rates of DJD of the acromial facet in the Mississippian than in the Archaic. No temporal
differences were observed between the females of either temporal period. This may
suggest that some of the behaviors in males have changed. As mentioned previously,
degeneration at either facet of the AC joint seems to represents normal variation the
reactive change to the joint. Thus, the near temporal difference observed in the acromial
articular facet and the significant differences in the clavicular articular facet indicate an
overall difference in degeneration at the AC joint.
Differences in DJD between subsistence strategies indicate that in upper westcentral Tennessee agriculturalists had higher rates of reactive change than huntergatherers. It may be the case that peoples from the Archaic did not need to engage in
heavy burden bearing activities because resources in the region were plentiful. Food and
other supplies were gathered as-needed and thus caused less mechanical strain while they
were collected. Additionally, burden bearing activities may have been more variable
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within seasons because people were not restricted to the seasonality of crop planting and
harvesting. Higher rates of reactive change in the Mississippian sample may therefore be
the result of more standardized burden-bearing practices and/or increased burden bearing
(carrying heavier loads) associated with agricultural practices.
Skeletal Robusticity
Skeletal robusticity was observed to increase with the transition to agriculture.
Skeletal robusticity increased for both sexes, but more significantly for females than
males. The increase in robusticity is consistent with the increase in rugosity of the teres
minor entheses and the higher levels of DJD at the clavicular facet of the acromial
process.
Mississippian male data of the subset of individuals with lower robusticity is
inverse to the damage seen at subscapularis and supraspinatus. It could be suggested that
this sort of damage is reflective of the development of small muscle insertion sites
(Hawkey and Merbs, 1995; Jurmain et al., 2012; Nolte and Wilczak, 2013). Lower
mechanical stress in youth may have led to the development small enthesis formation. An
increase in manual labor with age may have triggered muscle growth that the skeletal
system attempted to, but ultimately failed to support.
Although there was an apparent pattern of injury within the small Mississippian
males, there was not overwhelming evidence of sexual divisions of labor within any of
the samples or between subsistence patterns. It was hypothesized that if there were any
dimorphic behaviors they would have been evident within the Mississippian sample.
These differences were not observed in the Tennessee sample which may indicate similar
stress levels between the sexes.
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CHAPTER VII
CONCLUSIONS

This study has provided insight into mechanical stress in the Middle and Late
Archaic and the Mississippian from a specific geographic area with arguably the same
ecological context. Hopefully this study has contributed to the growing body of literature
gathered about mechanical stress in prehistory. This thesis had two objectives, the first
was to determine the presence of rotator cuff disease (RCD) in North American
Prehistory and the second was to examine the subsistence base differences in mechanical
stress markers.
As today, RCD seems to be ubiquitous in Pre-Columbian Tennessee. The
presence of enthesopathies (as a proxy for indicating soft-tissue over use and/or damage)
and DJD (e.g. subacromial impingement, acromioclavicular joint damage) are indicative
of the presence of RCD. These pathologies signify heavy shoulder use within the upper
west-central Tennessee region regardless of subsistence or settlement strategy. Although
there were no indications of severe subacromial impingement on the humeral head within
the sample, degeneration at the acromioclavicular joint indicates a high likelihood that
this pathology (which is also closely associated with clinical RCD) was present within all
living populations (Bigliani and Levine, 1997; Frost and Anderson, 1997; Mall et al.,
2013; Roberts et al., 2007).
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In this investigation of mechanical stress in a specific context of the Tennessee
River valley, it is evident that the majority of observable stress indicators expressed
bilaterally and equally between the sexes in both subsistence strategies. In all cases where
there was a sex difference, males expressed higher rates of skeletal change than females.
This suggests that overall males were subject to higher rates of stress.
When there was a subsistence strategy based difference, the Mississippian period
always had higher rates of RCD than the Archaic. This is most likely the result of
intensive agricultural practices with manual labor that was either more repetitive or
required more effort than the physical demands of hunter-gatherers.
This study is by no meant the definitive study on RCD in Pre-Columbian upper
west-central Tennessee. Further research on the corollaries of shoulder pathologies (e.g.,
deltoid tuberosity, elbow EC) must be undertaken to create further understanding of
mechanical stress endured by humans. This investigation functions as a launching point
for further research on upper-limb mechanical stress within the greater Tennessee River
Valley, and will hopefully contribute to the understanding of stress endured in PreColumbian North America.
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DEMOGRAPHICS FOR ENTHESEAL CHANGE BY SITE
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Total

1
7
0
15/21
(71.43%)

0
3
0
6/21
(28.57%)

2
8
0
16/25
(64.0%)

1
4
0
9/25
(36.0%)

2
8
0
17/17
(100%)

0
0
0
0/17 (0.0%)

2
10
0
21/23
(91.30%)

1
1
0
2/23
(8.70%)

1
3
0
13/19
(68.42%)

1
4
0
6/19
(31.58%)

2
8
0
16/24
(66.67%)

1
4
0
8/24
(33.33%)

25/38
65.79%)

13/38
(34.21%)

19/38
(50.0%)

19/38
(50.0%)

26/30
(86.67%)

4/30
(13.33%)

31/35
(88.57%)

4/35
(11.43%)

25/33
(75.76%)

8/33
(24.24%)

21/34
(61.76%)

13/34
(38.24%)

Total
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Subscapularis
L
NP
P

R
NP

P

Supraspinatus
L
NP
P

R
NP

P

Infraspinatus
L
NP
P

R
NP

P

Sex

Age

Male

Young
Middle
Advanced
Total

9
6
0
18/26
(69.23%)

3
4
0
8/26
(30/77%)

9
5
1
16/27
(59.26%)

2
4
2
11/27
(40.74%)

12
8
0
24/25
(96.0%)

1
0
0
1/25
(4.0%)

11
7
2
23/26
(88.46%)

1
1
0
3/26
(11/54%)

11
6
0
19/27
(70.37%)

3
3
0
8/27
(29.63%)

8
4
0
15/27
(55.56%)

4
5
2
12/27
(44.44%)

Female

Young
Middle
Advanced
Total

12
6

5
2

10
4

2
1

13
4

3
2

11
6

0
1

13
5

4
2

10
6

2
1

19/28
(67.86%)

9/28
(32.14%)

14/19
(73.68%)

5/19
(26.32%)

18/24
(75.0%)

6/24
(25.0%)

19/20
(95.0%)

1/20
(5.0%)

19/27
(70.37%)

8/27
(29.63%)

18/22
(81.82%)

4/22
(18.18%)

37/55
(67.27%)

18/55
(32.73%)

31/48
(64.58%)

17/48
(35.42%)

44/51
(86.27%)

7/51
(13.73%)

43/48
(89.58%)

5/48
(10.42%)

38/57
(66.67%)

19/57
(33.33%)

33/50
(66.0%)

17/50
(34.0%)

Young
Middle
Advanced
Total

2
4

2
2

1
1

1
4

3
4

0
1

3
3

0
0

3
4

0
1

2
2

0
1

8/13
(61.54%)

5/13
(38.46%)

2/9
(22.22%)

7/9
(77.78%)

7/10
(70.0%)

3/10
(30.0%)

6/7
(85.71%)

1/7
(14.29%)

10/11
(90.91%)

1/11
(9.09%)

2/6
(33.33%)

4/6
(66.67%)

Young
Middle
Advanced
Total

1
7

0
3

2
8

1
4

2
8

0
0

2
10

1
1

1
3

1
4

2
8

1
4

15/21
(71.43%)

6/21
(28.57%)

16/25
(64.0%)

9/25
(36.0%)

17/17
(100%)

0/17
(0.0%)

21/23
(91.30%)

2/23
(8.70%)

13/19
(68.42%)

6/19
(31.58%)

16/24
(66.67%)

8/24
(33.33%)

25/38
65.79%)

13/38
(34.21%)

19/38
(50.0%)

19/38
(50.0%)

26/30
(86.67%)

4/30
(13.33%)

31/35
(88.57%)

4/35
(11.43%)

25/33
(75.76%)

8/33
(24.24%)

21/34
(61.76%)

13/34
(38.24%)

Archaic

Total
Mississippian
Male
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Female

Total
TOTAL

